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PREFACE 



" Feance will perish for want of wood " — thus spoke Colbert. This 
great Minister's words, which have been so frequently quoted, may not- 
withstanding find their place at the beginning of this work, when they 
will only serve to show of what importance the study of wood in general, 
of its applications, properties, and preservation can be. By speaking 
thus Colbert showed that he thoroughly grasped how important the 
employment of this precious vegetable could be to his country ; he also 
manifested how he deplored the heedlessness of his contemporaries, as 
likewise the wasteful way in which they exploited the forests. 

The forests were for a long time considered as vestiges of barbarity 
— as a sort of natural and savage richness which could be made use of 
according to the immediate needs of consumption, without taking thought 
as to the reproduction of them. There are even now countries where wood 
is sacrificed to the roughest usages, or where, to use an historian's 
expression, " Two pine-trees are hewn down to make a pair of wooden 
shoes," where, at any rate, forests are subject to complete destruction by 
the immoderate grazing of animals. 

In our old Europe, where the abundance of forests was formerly so 
freely spread ; upon the Spanish soil, formerly shadowed by Tugian and 
Castulonian Forests, and which to-day possesses but the last remains 
upon the sides of its mountains ; in this France, whose mysterious 
forests Lucain traversed in the first century with strange terror, and 
which had been thinned by the axe of the Eoman Conquerors ; and also 
even in Germany, where, from the Rhine to the Carpathian Mountains, 
the celebrated Hercynian Forest formerly existed, of which the Black 
Forest, the timber of the Harz and the Erzgebirge are the last remains — 
to-day the hand of man has used, in such a manner and for so long, the 
treasures of Nature without foresight that the greatest preoccupation of 
cultivators of forests — the question which ought to attract the attention 
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of Governments most — is the replanting with trees of the land once 
occupied by forests. 

Our human societies have exhausted this soil, which nourished them 
for centuries. Being unable to find in Europe sufficient quantities of 
wood necessary for the thousand-and-one requirements of civilisation, 
European nations import from far-off countries the rich products 
of their virgin or sparsely - inhabited soil, and in the meantime 
the clearing away of forests and the short-sighted destruction of this 
work of centuries has not been arrested upon this impoverished soil. 
The evil is as threatening as ever. The consequence of this baneful 
destruction has been not only the dearth of timber, — strictly, importation 
can, at least for a time, remedy this, — but the climate and the meteoro- 
logoical and physical conditions of our countries have been very seriously 
modified, and everybody who, concerned about the future, has allowed 
himself to reflect upon the present has regretted our ancient forests, 
and has witnessed with consternation the little that remained of them 
progressively cleared away. 

Writers have already raised an alarm and shown that in a 
relatively short space of time mineral combustibles would be totally 
exhausted in Europe ; and what has been said of the mineral fuel has 
been repeated by far-seeing individuals with regard to the wood. 
Trees are dwindling away, our forests are becoming depopulated, 
and while the countries of the North are comparatively well supplied 
with forests, yet the Southern countries of Europe are witnessing the 
disappearance of their timber. 

In the sixteenth century — when French soil possessed forests and 
when coal was unknown to our hearths and industry — Bernard Palissy 
wrote : 

" And when I consider the value of the smallest spots planted with 
trees or brushwood, I am quite astonished at the ignorance of man, for 
it appears that to-day he only studies how best to destroy the beautiful 
forests that his predecessors guarded so sacredly. I would not object 
to their cutting down forests provided that they afterwards replanted 
portions of them ; but they do not think in the least about the time 
to come, nor do they think of the trouble they are bringing upon their 
children in the future. 1 cannot abhor sufficiently such a thing ; nor 
can I call it a fault, but a curse, and a misfortune to the whole of 
France, for after all the trees have been cut down it will be necessary 
for all the arts to cease." 

Advice follows this criticism, and this great man adds : 

" If ever I became lord of such land that is devoid of wood, I 
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would compel all of my tenants to sow at least some portion of 
it. They are very poor ; this is a revenue which comes without working 
for it." 

Then a little further on : 

" Do you think that this is of little moment to the prudent man, 
who will consider the usefulness of wood and who, above all things, will 
study in order to get it as his heritage ? What would you do without 
Wood ? " 

We shall see later on, in the course of this study, that, though 
Europe in general shows great dearth of wood and an ever -increasing 
insufficiency of its forest products, yet, on the other hand, from the other 
side of the Atlantic, on the American continent and in Australia, an 
abundance is contemplated which has been accumulating for centuries, 
and which has been but slightly cultivated. The Universal Exhibition 
of 1889 was a striking manifestation of the part which the human 
industry can reap from this opulence. There is in this an important 
reserve destined to provide for the wants of all, and whose economic 
importance recalls to mind once again the words of Bernard Palissy : 

" I have often wished to make a list of the arts which would 
cease if there were no longer any wood, but when I had written down 
a large number of them, I found that there would be no end to the 
enumeration, and, after due consideration, I came to the conclusion that 
there was not even one trade which could be carried on without wood." 

Economists are almost of one opinion as to the part which agriculture 
must play in the State, but they are far from being of the same mind 
about forests, whether they belong to private individuals or to the 
national domain. 

This is not the place to take up the discussions which arise every- 
where, constantly and periodically, as to the attempts to put the forest 
land to other purposes. 

What we wish to prove (and that with great regret) is the indecision 
of men of authority to make known to the world their opinions 
upon this question of forests and the capital importance of this hesita- 
tion. 

Everything which relates to forests feels the effects of this unhealthy 
state of things, and the clearing of the land of trees will continue until a 
second Colbert substitutes stern decrees for barren advice. 
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PAET I. 

PHYSICAL AND CHEMICAL PROPERTIES 
OF WOOD. 



CHAPTEE I. 

COMPOSITION OF THE VEGETABLE TISSUES— CHIEF ELEMENTS 
— M. FEEMY'S RESEARCHES. 

The fibrous tissue of wood deprived by certain solvents of several foreign 
matters vyhich it contains was for long considered to be purely an 
element. Payen, as a result of important studies, showed that this 
substance, looked upon until that time as of a pure, woody nature, is 
only a mixture of different bodies, and that it results from the juxta- 
position of elongated cells containing in their interior a pure and 
amorphous matter, which is found in more or less regular layers. 

Each cell of the wood may be considered as being formed principally 
of an exterior substance (to which Payen gave the name cellulose) and of 
an incrustated matter the composition of which appears to be complex. 

The incrustated matter preponderates in hard wood : being very 
abundant in fruit-stones, it forms the stony concretions of certain pears. 
The elongated cells of the woody tissues enclose it in beds more or less 
thick. More abundant in the heart than in the sap-wood, it is often of a 
yellowish or brownish colour. Heavy and hard wood contains it in greater 
quantities than does white and light wood. 

The incrustated matter of the wood can be extracted by grinding 
the latter for a certain time in a mortar ; it is friable, and can then be 
separated by sifting ; it is afterwards purified by means of alcohol. This 
matter contains more hydrogen than cellulose; its composition cannot be 
represented by carbon and water. As it possesses an excess of carbon 
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and hydrogen as compared with oxygen, its combustion produces more 
heat than that of cellulose, which is the cause of hard wood having a 
calorific power considerably higTier than that of soft wood. 

Incrustated matter is coloured black by sulphuric acid ; it is soluble 
in chlorine water. 

Payen discovered four chief elements in this matter, which are called 
lignose, lignone, lignine, and lignorose. 

Lignose is insoluble in water, alcohol, ether, and ammonia; soluble in 
potash and soda. 

Lignone, insoluble in water, alcohol, and ether ; soluble in ammonia, 
potash, and soda. 

Lignine-, insoluble in water and ether ; soluble in alcohol, potash, soda, 
and ammonia. 

Ldgnorose, insoluble in water ; soluble in alcohol, ether, potash, soda, 
and ammonia. 

M. PREMY'S RESEARCHES. 

Following the researches of M. Payen, M. Fremy applied himself 
to a series of important investigations of the chemica,l composition of 
vegetable tissues. M. Fremy succeeded in discovering several chief 
elements and in giving a new interpretation of the chemical con- 
stitution of vegetable organs. 

We therefore propose to give a concise analysis of his investigation. 

Instead of considering vegetable tissues as formed of a simple 
principle, cellulose, with properties varying according to the state of 
aggregation of organic matter and the incrustation of this substance by 
foreign bodies, M. Fremy established, in the new researches which 
are now set forth, that each tissue presents a chemical composition and 
special properties which depend upon the physiological role which it is 
called upon to play in vegetation. 

In assigning to each tissue a special chemical composition, M. Fremy 
thus established a remarkable analogy between the constitution of vege- 
table organs and that of the tissues of animals. The bodies, which form 
the skeleton of the vegetable organs being all insoluble in neutral 
solvents, present great difficulties in their analysis, their purification, and 
also in the examination of their essential properties. 

The judicious employment, however, of certain reagents — such as 
potash, sulphuric acid, nitric acid, hydrochloric acid, alkaline hypo- 
chlorites, and the ammoniacal-copper reagent- — permits even of the 
accomplishment of an immediate analysis as complex as that of a 
stem. 
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Cellulose Bodies. 

We give, with M. Fremy, the name of " Cellulose Bodies " to a collection 
of direct principles which are met with in the majority of the elementary 
organs of plants, sometimes in the state of purity, but more often asso- 
ciated with other substances, organic or mineral. 

Cellulose bodies constitute utricular membranes, fibres, hairs, etc. 
All cellulose bodies had been, prior to M. Fremy's researches, confused 
together and studied under the name of cellulose. They are linked to 
one another by specific characteristics of the same order as those which 
unite gums, sugars, amylaceous matters, albuminous bodies, etc. 

These bodies are isomeric ; the action of reagents brings them back 
again to the same state. Their general formula is : 

^12-"-10^10' 

Amongst these we are able to distinguish : 

(1) Xylose, which is found in cotton, in cortical fibres and in the utri- 
cular tissue of roots, leaves, flowers, and fruits. This direct principle is 
characterised by its solubility without coloration in cold concentrated 
sulphuric acid, by its solubility in warm hydrochloric acid, and by its 
insolubility in potash, nitric acid, and the hypochlorites. 

(2) Paraxylose constitutes certain utricular tissues, such as that of 
pith, which is insoluble in copper reagent, but which becomes trans- 
formed into xylose under slight influences. 

(3) Fibrose exists in the fibres of wood ; reagents act on it very 
slowly. 

(4) Medullose consists of cells of medullary rays, and has great 
analogy to fibrose ; it is more changeable under the influence of alkalies 
and nitric acid. 

(5) Dermose constitutes epidermic cells ; reagents modify it with 
greater difficulty than fibrose. 

Cellulose bodies are recognised by the following properties : — 

(1) They are insoluble in cold water, and do not swell in boiling 
water like amylaceous substances. 

(2) They are soluble in ammoniacal-copper reagent ; this action is 
sometimes immediate ; on the other hand, cellulose compounds only 
become soluble in this reagent after having been subjected to heat, 
that of boiling water or the action of energetic reagents. 

(3) Potash, which so easily swells amylaceous bodies, does not act 
upon cellulose compounds, or, at any rate, only dissolves them as a 
hydrate in a state of fusion. 

(4) Cellulose bodies are attacked but slowly by the hypochlorites. 
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(5) Monohydrated nitric acid, which reacts so rapidly upon cellulose 
bodies to form pyroxiline, does not exert any appreciable action over them 
when it is weakly diluted. 

(6) Hydrochloric acid acts differently upon cellulose compounds : 
sometimes it dissolves them immediately, whilst at other times it only 
exerts over them a slow and incomplete action. 

(7) The modifications which cellulose- bodies experience under the 
influence of concentrated sulphuric acid are little known. It is known, 
however, that if a cellulose body is submitted to the action of an excess 
of sulphuric acid, and if the raising of the temperature cannot be avoided, 
the organic matter becomes transformed immediately into dextrine and 
glucose. 

But if a cellulose substance is disaggregated by degrees by sulphuric 
acid poured out drop by drop, a double combination of sulphuric acid and 
of cellulose body is realised. 

This combination is decomposable by water and then forms inter- 
mediary bodies which have little stability. 

The body which is precipitated at once has the characteristics of an 
acid ; it is soluble in alkalies and still retains the elements of sulphuric 
acid. Being very unstable, cold water decomposes it and transforms it 
into a gelatinous substance, which is neutral and insoluble in water, and 
which, like starch, can be coloured blue by the action of iodine. 

It must not, however, be inferred that cellulose becomes transformed 
into starch, for, upon a comparative examination of this iodine com- 
bination and iodide of starch, it is found that these two bodies differ 
greatly. Iodide of starch has, as is well known, a certain stability 
in cold water, whilst the cellulose combination is immediately decom- 
posed in it. 

As to the distinctive properties of the different cellulose bodies, 
it may be pointed out that : 

Xylose is, of all these substances, the one which is most easily attacked 
by all the reagents ; the dissolving action which the ammoniacal-copper 
reagent ^ exercises immediately over xylose is sufficient to characterise it. 

The characterisation of paraxylose is also a very easy matter. 

Ammoniacal-copper reagent does not dissolve it ; but when it is sub- 
mitted to the action of acids, alkalies, and even to the influence of boiling 
water or to that of dried heat, it immediately becomes soluble in copper 
reagent. 

Fibrose withstands the reagents which disaggregate or dissohe xylose 

' This reagent is easily prepared by passing, for a short time, some air thoroiiglily deprived 
of carbonic acid over copper filings in concentrated ammonia. 
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and paraxylose ; it is only attacked by the ainmoniacal-copper reagent if 
it has been completely modified by energetic agents. Those alkaline 
solutions which dissolve xylose, paraxylose, and even medullose are 
without action upon fibrose. 

Medullose has some relation to fibrose ; but on submitting these two 
bodies to the action of the reagents, it is noted that medullose is 
always attacked more easily than fibrose. 

Dermosc, of all the cellulose bodies, resists the action of the reagents 
the most ; thus, hydrochloric acid dissolves other cellulose substances 
very easily, but does not disaggregate dermose. 

Concentrated sulphuric acid alone exerts an immediate action upon 
dermose. 

Epiangiotic Bodies. 

M. Fremy has also, in a general manner, described the chief 
elements very different from the preceding ones, and which, accompany- 
ing the cellulose bodies, are found abundantly in woody tissues. 

Bayen classified them as cuticle and incrustated matter, but M. Fremy 
demonstrated that these epiangiotic (eVt = upon ; wyjeiov = vessel) bodies 
differ from cutose and do not incrustate cellulose substances. 

They differ from cellulose bodies by their composition and properties. 
If they are submitted to an elementary analysis, it is proved that they 
contain an excess of carbon and hydrogen, and that, consequently, they 
cannot be represented in their composition by carbon and water. 

These bodies are insoluble in neutral solvents, but highly concen- 
trated solution of potash attacks them more readily than the cellulose 
bodies. 

Heat also modifies them more easily, and transforms them into ulmic 
acid immediately soluble in alkalies. 

Sulphuric acid does not dissolve them, but, on the other hand, they 
are very soluble in hypochlorites. 

Being attacked easily by nitric acid, they then become transformed 
into a yellow acid resin completely soluble in alkalies. 

The cellulose membranes are generally covered by the epiangiotic 
bodies, but are not incrustated by them. Indeed, when, in a vegetable 
tissue, the cellulose bodies are removed by means of concentrated sulphuric 
acid, a residual tissue is obtained which has the first organisation of 
the original tissue to such an extent that, upon microscopical examina- 
tion, it might be believed that the sulphuric acid has not carried off 
any substance. Nevertheless, upon operating upon the ligneous tissue, 
sulphuric acid dissolves more than 70 per cent, of the cellulose body. 
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This preservation of the form thoroughly proves that the epiangiotic 
hodies do not incrustate the cellulose membraues, but that they cover 
them. Epiangiotic bodies cannot be considered as giving hardness to 
cellulose ones by determining the adherence of the cells to one another, 
for it is rarely that one can prove their presence in tissues which 
often have the hardness of stone, as for instance in those of vegetable 
ivory. 

Three epiangiotic substances can be distinguished, covering ligneous 
fibres, the cells of the medullary rays, and the vessels. They have 
received the names of exqfihrose, cxomeduUose, and vasculose. 

When they are submitted to the action of reagents, unquestionable 
differences are recognised in the reactions vi^hich are produced. Thus, 
alkalies modify vasculose more easily than exofibrose and exomedullose. 

Exofibrose is more stable than the others. Vasculose constitutes the 
external part of the vessels. It is attacked by nitric acid and hypo- 
chlorites ; concentrated potash modifies them equally. 

The following procedure is adopted in order to prove the presence of 
cellulose and epiangiotic bodies in an organic tissue : — 

The tissue is treated with concentrated sulphuric acid, which dissolves 
the cellulose bodies. This acid liquor, submitted to the action of water, 
permits of the setthng of the cellulose bodies, which are coloured blue by 
iodine. The part insoluble in sulphuric acid is washed several times in 
boiling water, then treated with nitric acid or hypochlorites, which 
immediately effects the solution of the epiangiotic tissue. 

Pectosb. 

This is a substance insoluble in water, alcohol, and ether, and 
which almost invariably accompanies the cellulose matter in the tissue 
of plants. 

Being completely insoluble in water and alterable by a large number 
of reagents, it cannot be separated from the cellulose matter. Under 
the simultaneous influence of acids and heat, it becomes transformed 
into a body which is soluble in water, and taking the name pectine. 

Pectose must not be confused with the substance which constitutes 
the vegetable cells ; boiling for a few seconds is sufficient to change 
into pectine all the pectose contained in the pulps of roots or of fruit 
whilst the cellulose matter does not give any traces of pectine through 
the action of acids. 

As this substance does not directly affect our subject, we need not 
further consider it. 
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CUTOSE. 

It has been admitted for some time that the epidermis is a 
part of the cellular tissue which it covers ; this is true in a certain 
number of plants of very simple organisation, bub generally the cells 
forming the epidermis are very different from the subjacent tissue. 

This epidermis is composed of two very different substances. One, 
the more durable, is a thin , 

pellicle stretching over the 
whole surface (Fig. 1). This 
pellicle has received the name ' 
of cuticle. The other, and 
more internal, is the epi- 
dermis, properly so called, 
composed of cells in juxtaposition, circumscribed by straight lines (Fig. 
2) or by very flexuous lines (Fig. 3). 

The -cuticle leaves on incineration about one and a half per cent, of 
calcareous ashes. 

It is insoluble in all the neutral dissolvents. It is not altered by 
diluted potash, ammonia, ammoniacal-copper reagent, boiling hydrochloric 
acid, nor by sulphuric or nitric acids employed cold. It possesses a 
very marked elasticity when it is dried. 




Fig. ]. 





Fig. 2. Fig. 3. 

It presents, upon being analysed, the following composition :- 

Per cent. 

Carbon 73-66 

Hydrogen ..... 11 "37 
Oxygen 14-97 



100-00 



This composition connects the cuticle with the fatty bodies. 



8 TIMBER 

It is evident from tlie studies relative to tliis subject to which M. 
Fremy applied himself, that the epidermic cells of plants are covered by 
a membrane having as its basis an element which has received the name 
of aldose. 

This substance has many analogies with fatty bodies ; like them, it 
becomes saponified ; it resembles them equally in its elementary com- 
position and in the derivatives which it produces under the influence of 
heat or by the action of nitric acid; but it differs from the fatty 
substances by its complete insolubility in ether and by the membranous 
aspect which characterises it. It is therefore a separate substance, whose 
properties are well adapted to the physiological role which it must play. 

SUBERIN. 

The substance constituting the suberic cells is a special principle, 
called by Chevreul suhdrine. 

Suberin preserves the appearance of cork, from which it is ex- 
tracted. Submitted to distillation, it gives a small quantity of water, 
then an oily colourless liquid, a lemon-coloured oil, and also a brownish- 
red oil, finally a small quantity of ammonia, a crystallisable fatty 
substance insoluble in water, and some gases. The residue is charcoal 
having the form of suberin, a quarter of the weight of the original 
substance. 

Nitric acid rapidly changes suberin and transforms it into an 
acid which is insoluble in water, though soluble in alcohol and ether, 
presenting the greatest analogy to acid-resins and even to fatty acids. 

Submitted to the action of concentrated potash, suberin undergoes 
a kind of saponification. Concentrated sulphuric acid does not ap- 
preciably alter it. 

The chief elements composing the tissues of plants are not very 
numerous, those which are of interest to our subject being as follow : — 



Cellulose bodies. 
Epiangiotio bodies. 



Pectose and its derivatives. 
Cutose. 



Suberin. 
Mineral matters. 



CHAPTER II. 

ELEMENTAEY OEGANS OF PLANTS AND ESPECIALLY OE 

WOOD. 

UTRICULAR TISSUES. 

Anatomical Chaeacteeistics of Uteiculae Tissues. 



The utricle is a cavity equally distended in every direction. When these 
cavities can be developed freely, they take the form of an orb or of an 
ellipsoid (Fig. 4). If, upon the other hand, in developing they meet 
and press against each other, they finish by assuming the form of a 
polyhedron. In the latter case they recall to mind the cells of a honey- 
comb, and take the more generally adopted name of cells (Fig. 5). 






Fig. 4. 



Fig. 6. 



Fii;. 6. 



The utricular tissue is also called parenchyma. The polyhedral 
cells often assume the form of the cube, the four-faced prismatic column, 
a.nd the dodecahedron. 

Sometimes the cells do not present geometrical regularity. The 
angles are often blunt, the sides of the same square are not always 
equal, nor are the lines quite straight. The cells often have the appear- 
ance of a stump of cylindrical column (Fig. 6). 

The walls of the cells do not always present the same appearance ; 
sometimes they appear to be formed by a united and perfectly 
homogeneous membrane, at others this membrane is marked by a larger 
or smaller number of minute dots, when it receives the name of dotted 
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cell (Fig. 4). At times it has short lines, directed transversely or 
obliquely, when it is called streaky cell (Fig. 7). 

When the internal membrane is broken irregularly more consider- 
ably, a regular network is then formed (Fig. 8), the gaps of which corre- 
spond with the points which the internal membrane stands in need of 
and the specks to the points where it doubles the external membrane ; 
this has been designated by the name of reticulated cell. 





Fig. 7. Fig. 8. 

When we first commence to examine it, the cell appears as a small 
bag, formed by a perfectly continuous and homogeneous simple mem- 
brane, whose substance, at first soft and moist, dries and decreases by 
degrees. In this state it can continue to change in volume and form. 
It often forms a second membrane at a certain subsequent period over 
the whole interior surface of the hag. 

The thickness of the walls of the cell can be successively aug- 
mented by the formation of a third layer, which forms upon the interior 
of the second, by a fourth upon the interior of the third, and so on. 

Chemical Characteristics of the Epidermic Celi,s. 

The epidermic cells almost always include a remarkable quantity 
of colouring matters and albuminous substances ; they are seldom colour- 
less, and generally contain nitrogenised elements, which often become 
insoluble by the action of reagents, and are strongly coloured by them. 

Concentrated nitric acid immediately bleaches the epidermic cells ; 
fibrinous membranes are dissolved and the utricular membranes remain 
uncoloured. 

The substance constituting the epidermic cells has received the 
name of dermose. It is very stable, and resists the reagents, which 
dissolve and modify almost all the other principal elements. Thus 
concentrated nitric and hydrochloric acids only attack it with 
difficulty. 

Chemical Characteristics of the Suberic Cells. 

If the utricular membranes which constitute cork are examined 
with tlie aid of the microscope, one is led to believe that they show a 
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simple composition approaching that of the other vegetable cells ; but 
if they are submitted to the action of reagents, it is recognised that 
their tissue is formed of two chief principles, namely, suberin and 
fibrose. 

Their separation can be effected in the following manner :■ — If the 
cork is submitted to the action of concentrated potash, suberin saponifies 
and becomes dissolved, but fibrose is not attacked. 

If cork is attacked by nitric acid, fibrose is not modified, whilst 
suberin is transformed into fatty acid, which can be afterwards easily 
dissolved by potash, alcohol, or ether. 

As for fibrose, that can be dissolved, without coloration, in con- 
centrated sulphuric acid. 

Suberin has a certain analogy to cutose. 

Chemical Chaeactekistics of the Coktical Cells. 

The fundamental tissue of these thick cells is fibrose. In order 
to dissolve it in ammoniacal-copper reagent, it is absolutely essential 
to treat it at first with acids. Sulphuric acid immediately dissolves the 
membranes of the bark. 

The purification of the cortical cells often presents great difficulties, 
on account of the presence of green nitrogenised matters in the 
interior. 

If pectose is associated with fibrose in the cortical cells, the former 
alone is eliminated on treatment with diluted acids, which transform 
pectose into pectine. 

Chemical Chaeactekistics of the Medullary Eays. 

The membranes which form the cells of the medullary rays are made 
up of two chief elements. If, however, these cells are treated with 
concentrated sulphuric acid, it is observed that a part of the tissue is 
immediately dissolved in the reagent just as in the case of cellulose sub- 
stances, whilst an insoluble membrane of a brownish colour remains. 

This part, which is insoluble in sulphuric acid, is formed of exofibrose 
and exomedullose ; the soluble portion is fibrose. 

Inversely, highly concentrated potash, nitric acid, and the alkaline 
hypochlorites dissolve the bodies of the external membranes. 

Separation is completely effected when fibrose immediately dis- 
solves in concentrated sulphuric acid without furnishing a brownish 
coloration. 
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Chemical Characteristics of the Parenchyma of Pith. 

Chemical action shows that the parenchyma of pith has not the 
same constitution as the medullary rays. 

Ammoniacal-copper reagent, as a matter of fact, does not dissolve 
the parenchyma of pith immediately ; it is necessary to raise the 
temperature to about 150° C. The chief principle constituting the 
parenchyma of pith has received the name of paraxylose. It must be 
added that the cells which constitute this tissue are not formed in part, 
like those of the medullary rays, by a substance insoluble in sulphuric 
acid, for this acid makes the tissue disappear entirely. 

It may therefore be concluded that these membranes are formed 
exclusively by a single chief element, namely, paraxylose. 

Chemical Characteristics of the Cellular Tissue of Eoots. 

This tissue is generally formed by the concentric superposition of the 
two substances which have already been cited, namely, pectose and 
xylose. 

If, indeed, the cellular tissue of roots is treated with diluted potash, 
the pectose becomes dissolved and is transformed into alkaline pectate, 
whilst xylose remains unattacked. 

The action of ammoniacal-copper reagent produces, on the contrary, 
the solution of the xylose and the transformation of pectose into gela- 
tinous pectate of copper preserving the form of the cells. 

The xylose of these tissues becomes altered very easily. It is dis- 
solved in diluted mineral acids, and, as we have just seen, in copper 
liquor. 

FIBRES. 
Anatomical Characteristics of Fibres. 

Fibres differ from cells only by their elongated form. Their length 
is variable. The junction of the fibres forms a tissue which is called 
prosenchyma. The section of this tissue shows in general a compact 
mass, in which the proportion of the solid part exceeds considerably 
the voids. 

The development of the fibres is the same as that of the cells. The 
growth of the primitive utricle or of the exterior membrane determines 
their dimensions both in length and breadth. The most backward 
formation of the exterior layers determines their thickness and the 
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definitive appearance of their surface, which caii consequently present 
the same modifications as that of the cells. 

The existence of cracked and dotted fibres (Fig. 9) is very frequent. 




Fig. 9. 



The cortical and ligneous fibres differ From one another by the 
following chemical characteristics : — 



'& 



Chemical Chaka.ctbhistics of Coktical Pibres. 

Cortical fibres, rid of fatty and resinous matters, may be considered 
as formed exclusively by pure fibrose. Concentrated sulphuric acid 
dissolves them easily without colouring them. Insoluble in potash, 
nitric acid, and the alkaline hypochlorites, they are immediately attacked 
by ammoniacal-copper reagent. 

Chemical Chaeacteeistics of Ligneous Fibres. 

Ligneous fibres, whose constitution approaches greatly that of the 
medullary rays, are formed by two different principal elements. A 
substance can be extracted from them which is insoluble in sulphuric 
acid — cxofibrose — and also a soluble substance, fibrose. 

Submitted to the action of highly concentrated potash, nitric acid, 
and alkaline hypochlorites, these fibres leave insoluble fibrine, whilst 
exofibrose enters completely into solution. 

The relative proportions of fibrose and exofibrose vary according to 
the age and variety of the wood. 

DUCTS AND SPIRAL VESSELS. 

Anatomical Characteristics of the Ducts. 

The ducts are considerably longer than the fibres ; they often reach 
the total length of the plant which they constitute. 

The following are the constant characteristics of the ducts : — 

(1) The surface is never glossy, like that of cells or fibres. 

(2) The duct has the form of a cylinder, which is not completely 
regular ; narrowings or strangulations are observed in certain places. 
Like the utricles and fibres, the ducts are covered by points, lines, and 
bands forming a continuous spiral, either detached in links or joined 
together in a network. 
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Anatomical Characteristics of Spiral Vessels. 

Spiral vessels are formed of a membranous cylinder, in the interior 
of which a spiral thread is rolled up. This cylinder, which is often 
very long, terminates by tapering lil?e a cone at both extremities. 




Fig. 10. 



Upon these extremities other spiral vessels, which prolong the first, are 
as a general rule fastened (Fig. 10). The colour of the thread is usually 
of a nacreous white. 



Anatomical Characteristics of Annular and Eeticulated Ducts. 

A membranous tube, supported in the interior by rings placed above 
one another, forms the constitutive part of the annular ducts. Generally 



Fig. 11. 



Fig. 12. 
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larger than the spiral vessels, they are also less uniform ; neither are the 
rings of the same tube necessarily alike (Fig. 11). As a rule, they are 
horizontal, but' they may also be inclined irregularly (Fig. 12). The 
same duct, annular in one part, may become reticulated in another 
(Fig. 13). 

Anatomical Characteristics of Streaky Ducts. 

These ducts are formed by transverse strokes, occupying only a 
portion of the circumference of the tube, and generally arranged regularly 
upon each other (Fig. 14). The duct often assumes the shape of a 
prism, whose lateral surfaces are grooved by lines, which discontinue 
towards the angles. These lines and their interstices present a ladder- 
like appearance. 



ELEMENTARY ORGANS OF PLANTS AND WOOD 15 



Anatomical Characteristics of Dotted Ducts. 

The interior canal of these ducts can often be perceived with the 
naked eye ; it appears as if studded by small specks, disposed upon 
either horizontal or oblique lines ("Fig. 15). 

Upon the surface of these cylindrical ducts, circles devoid of dots are 
delineated ; these circles often form strangulations on the duct. 






Fig. 14. 



Fig. 15. 



Fig. 16. 



Anatomical Characteristics of Laticiferous Vessels. 

The sap (or latex) is enclosed in these vessels, which are mem- 
branous tubes communicating freely between themselves by transverse 
branches (Fig. 16), in such a manner that the whole forms a vast 
network. 



Chemical Characteristics of Ducts and Spiral Vessels. 

The composition of these organs resembles that of fibres and 
ligneous cells. At their outset these organs are exclusively formed by 
vasculose, insoluble in sulphuric acid, though soluble in nitric acid and in 
the hypochlorites. Later on, cellulose layers become joined to the mem- 
branes of vasculose. 



CHAPTER III. 

DIFFEEENT PARTS OF WOOD, ANATOMICALLY AND 
CHEMICALLY CONSIDEEED. 

DIRECT ANALYSIS OF THE DIFFERENT PARTS OF A PLANT. 

Anatomical Chaeacteeistics of the Teunk of Dicotyledonous Teees 
— Pith — Wood — Medullary Bays — Baek — Libee. 

In proportion as germination operates, the cells begin to form into 
fibres. They also become ducts, multiplying and grouping themselves 
together in several bundles, which are formed 
regularly like a circle (Fig. 17). 

This first circle encloses a central one, which 
is completely cellular and is the pith, and is 
itself surrounded by an exterior zone of cells 
which will form the bark. 

The bundles formed by the spiral vessels are 
separated from one another by bands of cellular 
tissue, causing the tissue of the pith to com- 
municate with that of the bark ; these bands are the first medullary rai/s. 
The trunk soon presents itself as formed, from within outwards, by 
the parenchyma of the pith, the fibro-vascular circle, the cortical 
parenchyma, and, last, the cuticle. 

A maple-tree branch a year old presents the disposition shown in 
Fig. 18. An horizontal cutting of this trunk shows that the spiral 
vessels and the fibres which are situated near the central pith form, 
along with the neighbouring ducts, a circle interrupted by the medullary 
rays, which has received the collective name of medullary sheath. The 
fibres situated outside of the sheath are called ligneous fibres. The more 
exterior fibres, separated from the preceding ones by a cellular zone and 
analogous to those of the medullary sheath, have received the name of 

16 
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cortical fibres, or lileo' ; and the cellulose zone, which separates the 
corbical from the ligneous fibres, is called the cairibium. 

The part lying outside the cambium constitutes the bark. The 
cortical pith pc is doubled on the exterior 
by a bed of cells s, serrated in the form of 
cubes or tables, of a whitish or brownish 
colour, and distinguishing themselves clearly 
from the cells of the cortical pith, which are 
polyhedral, coloured by green granules, and 
separated by numerous passages. This coat- 
ing, more exterior than the cortical pith, has 
received the name of siiber (cork), because 
in certain trees it develops considerably, 
and then forms the substance known under 
the name of cork. 

The second year the cambium forms new 
organs. The gelatinous tissue which consti- 
tuted it and which represented a circular zone 
betv/een the wood and bark undergoes the 
following changes : — Outside of the ligneous 
fibres and the large ducts which become intermingled there, 1 vp 
(Fig. 19), a new layer is formed, having the same composition, 
2 vpf. Inside of the fibres of the liber and of the cortical pith a 
fresh layer quite similar is also formed. These cells are moulded upon 
the old ones, and the zone of the cambium c, which is transformed in 
order to produce them in all the points at which it was in contact. 





Fig. 19. 



with layers of the same nature, preserves its cellulose organisation in 
the portion which corresponds to the cells of the medullary rays, so 
that these continue uninterruptedly from the central pith no to the 
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cortical bed ix I. Each primitive bundle was in this manner converted 
by a layer of cambium into tvyo partial bundles, one belonging to the 
wood and the other to the bark. A similar bundle joins, each of 
these partial bundles, as a result of the transformation of the cambium, 
and between the two newly -formed bundles another layer of cambium 
exists which the third year (3) will produce inside ligneous fibres 
and large vessels vp, whilst outside liber and cortical pith, and so on 
each year. 

PITH. 

Parenchyma, of which pith was exclusively formed, is later on 
found separated by the development of the ligneous circle into two 
regions, of which one (the central) is called jji</i ; it is composed of cells 
which, from centre to circumference, diminish in volume, and at the 
same time tliey assume a greenish colour, which becomes darker and 
darker. These are gorged with copious juices, which, on the contrary, 
are missing in' those of the centre, and from these different char- 
acteristics it can be easily recognised that they have a much more 
energetic life wheia they are younger. By degrees this energy gets 
feeble, and after the first year the pith usually loses colour and becomes 
white. 

The cells, the size of which diminishes from the inside to the out- 
side, contain nothing but air, and life appears to be in suspense there. 
They even often break, and air-cells, more or less considerable, are 
formed in the centre. 

The diameter of the pith may also vary. By the multiplication 
of the cells and by the augmentation of each the pith becomes widened, 
and later on, when the ligneous bundles in their turn develop, they may 
in the same way extend in every direction, and by their extension inside 
compress the pith a little. 

WOOD. 

The first layer of wood is therefore composed of fibro-vascular 
bundles, arranged in a circle around the pith. They are separated from 
one another by rather broad bands of cellular tissue, stretched like rays 
from the pith to the bark. Later on fresh rays are developed in 
the thickness of these rays, and increase in number at the expense of 
their breadth. Finally, these bundles, by their multiplication and the 
augmentation of their total vohime, end by drawing themselves 
together, and almost by touching each other, reducing the rays, which 
they separate, to very thin gills. They thus form a ligneous circle. 
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The ligneous circle, in its internal part, which has received the 
name of ■mcdullarij sheath, presents a special structure. The pith 
becomes moulded upon this sheath, and the re-entering angles which it 
always presents at first, and which persist in certain trunks, correspond 
to as many projecting angles, which form the interior extremity of each 
of the bundles. The medullary sheaf is that portion of the wood 
which undergoes the least change. Its spiral vessels preserve the 
volume that they acquired at an early stage, 
and they may even show themselves in rather 
old trunks. The whole of the remainder of the 
ligneous circle is composed of fil^res and 
vessels of another order — annular, striped, or 
dotted — generally of greater diameter. In 
ligneous plants, each year, between the wood 
and the bark (the interstice of which is filled 
by cambium), a layer of wood is formed, 
moulded upon the preceding one (Fig. 20). 

It is therefore at once seen that the number of layers represents the 
number of years that the tree has lived. 

Let us take, for example, a log of oak or elm, and, after having 
cleanly cut a certain portion of the surface of the edge, if its zones are 
examined it will be seen that the interior side of each is delineated by 
one or several lines of small orifices, which are wanting in the 
remainder of the zone. These are the apertures of as many largp 
vessels which are only found towards this interior side, whilst the layer 
outside is formed of compact fibres, thick enough to appear to be solid, 
so that the canal which runs through them lengthways escapes the 
naked eye. 





Fig. 21. 



The number of the ligneous clusters increases, because new ones are 
developed from them in the cellular interstices, at first wide, which 
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separates them and which has served as origin of the medullary rays. 
These clusters are multiplied later on in another manner, which may 
be called inverse, since it is now the new medullary rays which inter- 
pose between the ligneous elements. The new bundle, however, thus 
applied over the old one, does not merely resemble it ; it is double 
■or triple, thus being divided into several sections by cellular rows, 
which comfiience fresh rays, 2, 3, 4 (Fig. 21), differing from the rays 1, 
in so far that they do not start from the centre m. In the new^zone, 
which is larger than those which have preceded it (as it is exterior and 
concentric to them), it is naturally formed of a larger number of bundles 
and interposed rays. 

The growth of each zone finishes in the course of the year ; 
extended to a certain limit, it ceases there, and thus lays a settled 
base upon which the zone of the following year will rest. 

As the plant gets older, the proportion of the liquids contained in 
the cavities diminishes relatively to the solids. As it is age which brings 
about these modifications, they should be more advanced in tlie most 
interior circles, the tissue of which is more copious, more solid, and drier. 

In coloured wood the heart will first show the colour, and the 
coloration will proceed like the hardness of the wood, towards the 
circumference. It is from this cause that there is a difference in many 
trees between two parts of the wood : — 

(1) The exterior one, which still preserves the qualities of young 
wood — that is to say, which remains impregnated by liquid juices, to 
which it is permeable, and is consequently more tender, paler, whiter, 
which has been the cause of its receiving the name of mihier (sap-wood). 

(2) The other, and interior wood, dried up, hardened, and coloured, 
which is commonly called the coew (heart) or bois •parfait (perfect 
wood). 

MEDULLAEY KAYS. 

The medullary rays, which, existing since the origin of the trunk, 
continue uninterruptedly from the pith -to 
the bark, have been called large, rays (Fig. 
22); those which only appear in following 
years, and have their point of parting in 
the layers which correspond to these years, 
have been called small rays. The latter even 
appear in wood in which the distinction of 
the layers is not manifest, thus indicating 
Fig. 22. Successive formations, which the homogeneity 
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of the whole ligneous mass does not permit of being otherwise 
perceived. 

It is towards the periphery of the wood, and consequently in the 
part where they find themselves in communication with the cortical 
system, that the rays are often of the greatest breadth. 

BAEK. 

Bark, like the ligneous system, has a cellular and also a fibro- 
vascular portion ; there is, however, inversion in the situation and in the 
relative proportion of the parts. 

Parenchyma — a species of pith of the bark — occupies its periphery, 
and presents a greater development of the more changeable forms than 
the fibro-vascular bundles, whilst, on "the other hand, in wood these 
bundles are much move developed and far less simple than pith. 

Each year a la^er of bark is formed at the same time as a layer 
of wood. The zones of wood remain motionless, but the new ligneous 
layer applying itself upon one older than that which it has just covered 
over, the zones of the bark are forced outside without cessation, to make 
room for other and younger ones, and especially for fresh ligneous layers, 
which are formed inside of them. 

The epidermis is that part of the bark which must, by the resulting 
distension of the progressive growth of the trunk and by the action of 
exterior agents, be the first to disappear. Indeed, its existence is only 
temporary ; and it finishes by bursting asunder, becoming dried up, and 
destroyed. 

Under the epidermis other cellular layers are found : 

(1) The suberic layer, thus termed, as we have already said, because 
in some trees it constitutes the substance known as corh {suber). 

(2) The cellular envelope, also called green layer. 

It is distinguished from the former by chlorophyl, which fills and 
colours green its polyhedral cells, whose walls are thicker, and leave 
between them passages or often gaps. In the middle of these green 
cells some are frequently found which contain crystallisations. 

CORTICAL FIBRES, OR " LIBER." 

These fibres form bundles placed opposite those of the wood, separated 
from them by a thin layer. Of a brilliant white, they are longer and 
more slender than ligneous fibres. Their coatings, in becoming older, 
get very thick ; they are the most tenacious of all those of the 
plant, and consequently in a number of plants are of great service 
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to man, providing him with materials, cords, threads, and the most 
solid tissues. 

The whole of the layers of several years (each of which can be sub- 
divided into several others which are thinner) has been compared to a 
book of which all the different layers form the leaves ; hence the name 
of liber, under which the cortical fibres are most ordinarily designated. 

The layers produced in different years are, as are sometimes the 
yearly layers of the wood, separated by utricular zones, dependent 
from the cellular coat, in the thickness of which the fibrous bundles are 
formed. 

The progressive growth of the stem determines the proportional dis- 
tension of the layers of liber, whose vessels are separated from each other, 
and consequently grow broader. The rays, by the multiplication of the 
cells which compose them, become dilated in the same proportion as long 
as the tissue remains alive, and continue thus to fill them. 

At the same time, a continual destruction of the exterior parts of the 
bark takes place, and this portion, driven outside and at last detached, 
may comprehend a greater or lesser thickness of the cortical layers, 
according as the development occurs in such or such of these coats, in 
such a way that it may be the suberic, cellular, or fibrous layer which 
may form the most exterior coating in which life is preserved. 

Anatomical Characteristics of the Trunk of Monocotyledonous 

Trees. 



In 



these plants, in proportion as the trunk is augmented and as, 
consequently, the bundles are multiplied in its 
interior, a disposition is observed which is 
different from that which they affect in the 
dicotyledons, where, ranged in a circle, they end 
by touching each other and forming a ligneous 
ring, cut only by lines and medullary rays. 

If the most developed part of a mono- 
cotyledonous tree is examined with the aid of 
the microscope, it is found, starting from the 
region concerning the centre of the trunk, that 
there are thick fibres analogous to those of the 
liber I and the spiral vessels i ; then, in the 
middle, cells 'p (of which some enlarge and 
thicken into fibres) exhibit apertures of streaky 
or dotted vessels vp. The region of the bundle 
which makes up the circumference of the trunk 
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is formed of thick fibres (I) outside, and in the centre of these the latici- 
ferous vessels branch out (Fig. 23). 

If, however, the bundles, individually considered, do not differ from 
those of a trunk of a monocotyledonous tree a 
year old, their ensemUe presents an important 
difference (Fig. 24). 

They are not grouped in a circular manner 
and disposed in concentric zones like those of 
the dicotyledons; each of them is an islet / 
separated from the neighbouring ones, not by the 
medullary rays, but by an irregular enclosure of 
pith m, where the bundles are dispersed and can 
be multiplied without being impeded by lateral 
pressure. Each of them is isolated and remains 
alone. At no period does it develop, between 
its cortical and ligneous systems, a bed of 
cambium destined to become organised and to 
form numerous bundles. The examination of 
the fibro-vascular bundles in a longitudinal slice 
of the ligneous stem of a monocotyledonous tree 
(Fig. 25) shows a difference which is much more 
pronounced between these two classes of plants. 
Each bundle, observed downwards, starting from 
the point of the stem whence it enters a leaf, descends at first obliquely 
towards the centre of the stem, afterwards vertically, then again 
obliquely towards the circumference ; on the way it crosses successively 
all the older bundles situated below it. 

Desfontaines has formulated in the following manner the great differ- 
ence which exists between these two classes of plants : — 

" According to the internal structure of stems, plants are divided into 
two great classes : 

"(1) Those which have no distinct concentric layers, whose solidity 
decreases from the circumference towards the centre, where the pith is 
interposed between the fibrous bundles without medullary prolongations 
in divergent rays : these are the monocotyledons. 

" (2) Those having distinct concentric layers whose solidity decreases 
from the centre towards the circumference, where the pith is enclosed in 
a longitudinal canal with medullary prolongations in divergent rays : 
these are the dicotyledons." 




Fig. 25. 
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Anatomical Chakactekistics of the Trunk oj? Acotyledonous 

Trees. 

For a long time it was thought that the interior structure of 
these stems was similar to that of the monocotyledonous ones. But a 
transverse cut of the stem of an arborescent fern (Fig. 26) shows fibro- 

vascular bundles f v oi variable form, repre- 

.senting a circle more or less regular, which 

surrounds a yelloVish central disc m, and is 

itself enclosed by a zone of the same colour p. 

This disc and zone are of the cellular tissue, 

and communicate conjointly by interstices more 

or less large, which separate the bundles. The 

^^°- ^^" entirely exterior blackish zone e' is a coating 

which has followed the epidermis, and which is formed by the bases 

of the leaves of branches, upon which, in a transverse cut, an organisation 

can be observed which is analogous to that of the principal stem. 

Chemical Characteristics of the Trunks of Dicotyledonous, Mono- 
cotyledonous, AND Acotyledonous Trees — Epidermis — Suberose 
AND Cortical Cells — Cortical and Ligneous Fibres — Medullary 
Eays — Spiral Vessels and Ducts — Parenchyma of Pith. 

If an immediate analysis of a stem is desired, the epidermis, suberic 
cells, cortical cells, cortical fibres, hgneous fibres, medullary rays, the 
spiral vessels, ducts, and parenchyma of the pith must be at once isolated 
separately. The mechanical operations which allow of these separations 
being made are as a rule simple. 

epidermis. 

In stems, the epidermis encloses principally a waxy, fatty matter, 
and in addition epidermic cells containing different albuminous and 
colouring matters. 

The analysis is commenced by drying the epidermis, and this is then 
submitted to the action of ether, which completely dissolves the fatty 
matter. 

A treatment, slightly alkaline, then acid, effects the solution of the 
albuminous substances ; the pectose becomes transformed into pectates. 

The preceding reagents have completely eliminated the colouring 
substances. The cuticle and the membranes of the epidermic cells alone 
remain in an insoluble state. 

Finally, concentrated potash dissolves the cuticle, and the cellulose 
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matter becomes isolated. Cellulose, however, dissolves if treated with 
sulphuric acid or by ammoniacal-copper reagent. 

SUBERIC CELLS. 

Colouring matters, as well as the fatty bodies, are at once carried off 
by neutral solvents. 

The utricular tissue of the suberic cells is formed of suberin and 
paraxylose. If treated rapidly with nitric acid, paraxylose is not changed, 
but suberin is transformed into fatty acid, soluble in alkalies or ether. 
One can therefore carry off in this manner the derivatives of suberin and 
obtain paraxylose, which sulphuric acid will easily dissolve without 
coloration. 

A solution of boiling and highly concentrated potash will dissolve 
suberin and leave paraxylose unattacked. 

CORTICAL CELLS. 

Paraxylose forms the base of these membranes, which comprehend 
utricles containing chlorophyll, fatty bodies, pectose, and nitrogenised 
matters. They are analysed by being successively acted upon by ether, 
alkalies, and acids. 

CORTICAL FIBRES. 

Almost completely formed by xylose, which the ammoniacal-copper 
reagent at once dissolves. 

LIGNEOUS FIBRES MEDULLARY RAYS SPIRAL VESSELS. 

E.xteriorly, these organs are formed by exofibrose, exomedullose, and 
vasculose ; in the interior they enclose cellulose substances. The 
cellulose bodies are first isolated from the epiangiotic bodies by con- 
centrated sulphuric acid, which dissolves paraxylose. 

If the other acids are used first, paraxylose is isolated, which after- 
wards dissolves in the ammoniacal-copper reagent. 

PARENCHYMA OF THE PITH. 

The analysis is commenced by purifying a tissue by means of neutral 
solvents, acids, and diluted alkalies, and this is followed by complete 
solution in the ammoniacal-copper reagent. 

We will conclude at this point these anatomical and chemical con- 
siderations of the different parts of trees which are generally made use 
of ; to continue them and deal with roots, leaves, flowers, and fruits 
would be to stray from our subject. 



CHAPTEE IV. 

GENERAL PROPEETIES OF WOOD. 

As has already been seen, wood is formed essentially by an organic tissue 
and by a small proportion of inorganic matter. As a rule, wood 
contains a great quantity of water, which can be carried off at rather 
a low temperature, always lower than that at which the organic matter 
becomes decomposed. 

In every description of wood the elementary composition of the 
organic tissue is the same, but the latter is found associated with very 
variable organic elements, according to the species of the tree. 

Pine-trees, for example, contain turpentine and oak-trees tannin. 

The combustible part of wood is this same organic tissue. 

The exterior characteristics of woods are very different from one 
another. Thus certain wood is soft, tender, and of a loose tissue, whilst 
another, on the other hand, is hard, tough, and of a compact grain. 
Thence there is quite a natural division into two classes. The first 
includes tender and soft woods, amongst which may be mentioned the 
fir, lime, etc. The second includes heavy and hard woods — for example, 
the oak, horn-beam, etc. 

Amount of Water in Woon. 

The quantity of water which wood contains is greatest at the time 
of the shooting of the sap, and smallest when vegetation ceases. Trees 
must therefore always be felled during the latter period, unless special 
circumstances compel one to act otherwise. 

The researches of Schubler and Neufser have shown that the fir- 
tree (Fin.us ahies) contains in January 5 3 per cent, of water, and in April 
61 per cent. ; the ash-tree {Fraxinus e.irdsior) contains in January 29 per 
cent, of water, and in April 39 per cent. 

Water is found in larger quantity in small branches and boughs than 
in the trunks of trees. 
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Schubler and Hartig have shown that the quantities of water con- 
tained in freshly-cut wood vary according to the variety. 
These chemists have compiled the following table : — 



Horn-beam . 

Willow . 

Maple . 

Service-tree 

Ash . 

Birch (Betula alba) 

Beam-tree 

English oak {Quercus robur) 

Oak {Quercus pedunculata) 

Fir-tree . 

Horse-chestnut tree 

Pine-tree (Pimis sylvestris) 

Beech-tree 

Alder-tree 

Aspen . 

Elm ( Ulmis campestris) . 

Red fir-tree 

Lime-tree 

Italian poplar 

Larch-tree 

White poplar 

Black poplar . 



Per cent, of 
Water. 

18-6 
26-0 
27-0 
28-3 
28-7 
30-8 
32-3 
34-7 
35-4 
37-1 
38-2 
39-7 
39-7 
41-6 
43-7 
44-5 
45-2 
47-1 
48-2 
48-6 
50-6 
51-8 



According to M. Le Play, wood at the time of felling contains a 
quantity of water seldom below 45 per cent. 

In the forests of Central Europe, wood cut during winter retains 
to the end of summer more than 40 per cent, of water. This pro- 
portion is often reduced to 33 per cent., when it is employed in 
manufactories and in domestic economy. Finally, wood preserved for 
several years in a dry place retains from 15 to 20 per cent, of 
water. 

When wood has been completely dried and afterwards exposed to air 
in ordinary circumstances, it takes about 5 per cent, water during the 
first three years, then it continues to absorb it until it contains about 
15 per cent, of it. It then becomes very hygrometrical, and loses or 
absorbs' water according to the state of dryness or humidity of the 
surrounding air. 

The proportion of hygroscopic water contained in wood can be 
calculated by weighing it at temperatures varying between 100° and 
150° C. 
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The proportion of water carried off by desiccatiou has been deter- 
mined by Violette, who found the following results : — 



Temperature of the 
Desiccation. 


Water expelled from 100 Parts of Wood. 


Oak. 


Ash. 


Elm. 


Walnut. 


125° 
150° 
175° 
200° 
250° 


15-26 
17-93 
32-13 
35-80 
44-31 


14-78 
16-19 
21-22 
27-61 
33-38 


15-32 
17-02 
36-94 
33-38 
40-56 


15-55 
17-43 
21-00 
41-77 
36-56 



We must observe that these figures are not to be relied upon, the 
decomposition of the wood commences before the extreme limits which 
this operator reached. 

Af Uhr proved that the desiccation of wood in the open air is 
hastened by the removal of the bark. A certain number of trees were 
felled at the same time during the month of June, after the sap had 
risen. These trees were dried under cover during the four months 
which followed the felling of them ; they were then cut into pieces of 
different lengths and diameters, some were stripped of their bark, whilst 
others preserved it integrally. 

Af Uhr found the following results : — 





Loss per cent, of the Oriffinal Weight of Wood. 


July. 


August. 


September. 


October. 


Trunks without bark . 
Trunks with bark 


34-53 
0-41 


38-77 
0-84 


39-34 
0-92 


39-62 
0-98 



This shows the importance of stripping the bark in drying timber. 



Density of Wood. 

The density of wood, like that of all porous bodies, can be considered 
in two different ways, and can be looked for under its apparent volume. 
The only method which can then be employed consists in forming a prism 
with the wood, the volume of which can be easily measured, and then 
taking the weight of it. The ratio of this weight to that of the same 
volume of water would be the density sought for. This density for the 
same wood varies according to its hygrometrical condition and to the form 
and position of the fibres in the chosen sample. 
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The specific gravity of each species of wood is also found to be closely 
connected with the difference of structure, and also depends upon the 
solid matter which constitutes the cells, as likewise upon the water and 
the air which they contain. 

In ordinary conditions, the following table gives the specific gravity 
of a certain number of woods : — 



Pomegranate-tree .... 








1-35 


Guaiacum, ebony . . . • ■ . . 1'33 


Box-tree of Holland .... .1-32 


Green ebony 


1-21 


Black ebony . 


1-18 


Core of an oak sixty years old 


M7 


Strawberry-tree 




1-03 


Rosewood 




1-03 


Medlar-tree . 




0-94 


Olive-tree 




0-94 


English oak .... 




0-93 


Green walnut-tree . 








0-92 


French boxwood . 








0-91 


Spanish mulberry-tree 








0-89 


Canadian oak 








0-87 


Teak .... 








0-86 


Beech ..... 








0-85 


Spanish mahogany 








0-85 


Trunk of ash-tree . 








0-84 


Green acacia .... 








0-82 


Alder-tree .... 








0-80 


Spanish yew-tree . 








0-80 


Apple-tree .... 








0-79 


Dutch yew-tree 








0-78 


Plum-tree .... 








0-78 


Maple-tree .... 








0'75 


Cherry-tree .... 








0-75 


Mahogany of St. Domingo 








0-75 


Horn-beam, with 20 per cent, wate: 








0-75 


Northern pine 








0-73 


Acacia, with 20 per cent, water 








0-71 


Birch-tree .... 








0-72 


Orange-tree .... 








0-70 


Wild quince-tree . 








0'70 


Brown walnut-tree . 








0'68 


Mountain ash 








0-67 


Trunk of elm 








0-67 


French walnut-tree 








0-67 


Pear-tree .... 








0-68 


Red pine .... 






0-65 


Beech-tree (after having been cut f( 


jr one 


year'' 




0-65 
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Spanish cypress-tree ... . . 


0-64 


Maple-tree . . .... 


0-64 


Larch ....... 


0-64 


Plane-tree 


0-64 


Oak ... . . . 


0-61 


Lime ..... 


0-60 


Hazel-tree . . . . 


0-60 


Sycomore .... ... 


0-59 


Willow 


0-58 


Cypress. . . . . . . 


0-57 


Thuja ... . . 


0-56 


Mahogany of Honduras ... 


056 


Male fir-tree . . , 


0-55 


White pine-tree ... ... 


0-5.5 


Elm ... . ... 


0-55 


Larch-tree ... 


0-54 


Female fir-tree 


0-49 


Cedar of Lebanon ....... 


0-48 


W^illow 


0-48 


Pojjlar . . . . . 


0-38 


White poplar of Spain .... 


0-32 


Cork-tree ... 


0-24 


Elder-tree pith .... 


0-07 



It is interesting to know the weight of the cubic metre of the different 
kinds of wood commonly on the market. 

In Paris, ordinary firewood weighs, on an average, 350 kilogs. the 
st^re. The faggots being 1 metre 14 cms. in length, the measure used 
in timber yards to deliver the stere is 1 metre long by 88 cms. high. 

According to Berthier, the weight of the cubic metre of different 
kinds of wood is given by the following table : — 



Kilogs. 
Oak forest in the neighbourhood of Moulins . . . 275 
Oak of the Monadier Forest, cut three years ago and 

quartered 386 

Oak of the Monadier Forest, quartered .... 485 
Oak of the neighbourhood of Cahors, cut a year ago . . 525 

Beech of the neighbourhood of Moulins, quartered in 

large logs . 400 

Beech of the neighbourhood of Moulins, partly worm- 
eaten 375 

Birch of the neighbourhood of Moulins, in large logs . 440 

Coal-mine aspen ....... 190-220 

Fir-tree of Moulins, in large logs .... 300-340 

Elm 320 

Yoke-elm 398 
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Ou the other hand, the researches of M. Chevandier de Valdrome 
have led him to the followmg results : — 



Oak with sessile acorns (quartered timber) 

Beech (quartered timber) .... 

Oak, two mixed varieties (quartered timber) 

Yoke-elm (quartered timber) .... 

Oak with pedunculated acorns (quartered timber) 

Birch (quartered timber) ..... 

Yoke-elm (quarters and mixed logs) . 

Birch 

Fir (logs with sprigs) 

Oak, the two varieties (logs with sprigs) . 

Beech (logs with sprigs) . 

Alder (quartered wood) . 

Alder (quarters and mixed logs) 

Yoke-elm (logs with sprigs) 

Beech (logs with branches) 

Fir (logs with branches) . 

Alder (logs with sprigs) 

Pine „ „ . . 

Pine (logs with branches) 

Yoke-elm (logs with branches) 

Fh (quartered wood) 

Willow (logs with sprigs) 

Aspen (quarters and mixed logs) 

Oaks, the two varieties (logs with branches) 

Pine (quartered wood) . ... 



Weight of aStere 

of Dry Wood. 

Kilogs. 

380 

380 

371 

370 

359 

338 

361 

332 

312 

317 

314 

293 

291 

313 

304 

287 

283 

283 

281 

298 

277 

276 

273 

277 

256 



It may also be proposed to determine the density of the ligneous fibre 
of which wood is formed. M. Violette, who made a great number of 
experiments upon this subject, has employed the following method : — 

The wood, reduced to fine powder by means of a rasp, is dried at 100°, 
then placed in a small bottle full of water, from which the air is ex- 
hausted, and in this the wood is left for six days. 

By indicating, by P the weight of the flagon full of water before the 
introduction of the wood, by P' the weight of the flagon equally full of 
water at the end of the operation, by tt the weight of the wood intro- 
duced, and finally by S the specific gravity of the wood, we obtain — 

TT ~" 

P' = P -|- TT — ^ whence S = 



M. Violette, following this method, found that all wood had the same 
specific gravity, and that it was equal to 1'50. For iron-wood, oak, wood 
of black alder, and poplar, the extreme variations are included between 
1-51 and 1-52. 
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Chemical Composition of Wood. 

The composition of wood, with reference to the elementary principles, 
greatly resembles that of the cellulose bodies, already dealt with. It is 
necessary to add to the constituent principles of cellulose — namely, 
carbon, hydrogen, oxygen — the principles of the sap, the mineral matters 
borrowed from the soil by vegetation, matters which are re-found in the 
ashes of wood after its combustion, and nitrogen. 

The following table will show at a glance the elementary composition 
of dry wood, according to the analysis of Peterson, Schoedler, and Heintz. 
The samples of wood analysed were taken from the trunk of each tree. 
ELEMENTARY COMPOSITION OE DRY WOOD NOT INCLUDING THE ASH. 



Description of Trees. 


Carbon. 


Hydrogen. 


Oxygen. 


Nitrogen. 


Oak (Pedunculata) 


48-94 


5 


94 


43-09 


2-03 


Oak . . . 




49-43 


6 


07 


44-50 




Beech 




48-29 


6 


00 


45-14 





57 


Red beech 




48-18 


6 


28 


45-54 






White beech . 




48-53 


6 


30 


45-17 






Birch ... . . 


48-89 


6 


19 


43-93 





99 


Yoke-elm 


48-08 


6 


12 


44-93 





87 


Alder . ... 


49-20 


6 


22 


44-59 





68 


Ash 




49-35 


6 


07 


44-56 






Horse-chestnut 






49-08 


6 


71 


44-21 






Black poplar . 






49-70 


6 


31 


43-99 






Lime 






49-41 


6 


86 


43-73 






Wild pine (old wood) 






49-87 


6 


09 


43-41 





63 


Wild pine (young wood) 






50-62 


6 


27 


42-58 





53 


Pitch pine 






49-95 


6 


41 


43-65 






Common fir . 






49-59 


6 


38 


44-02 






Larch 




50-11 


6 


31 


43-58 






Apple-tree 




48-90 


6 


23 


44-83 






Box-tree 




49-37 


6 


52 


44-11 






Walnut-tree . 




49-11 


6-44 


44-44 







On the other hand, M. Chevandier de Valdrome made numerous 
analyses of wood, the results of which are given in the following table. 

In each testing the sample was taken from the sawdust of wood 
from the top, centre, and bottom of the trunk. 

COMPOSITION NOT INCLUDING THE ASH. 



Description of Trees. 


Carbon. 


Hydrogen. 


Oxygen. 


Nitrogen. 


Beech (70 years old) .... 


48-89 


6-13 


43-09 


0-88 


Beech (58 years old) .... 


49-96 


6-02 


42-79 


1-23 


Beech (69 years old) .... 


49-75 


6-04 


43-09 


1-12 


Beech (wood of branches) 


50-49 


6-11 


42-64 


0-76 


Beech (sprigs) 


49-62 


6-12 


43-68 


0-67 


Oak (120 years old) .... 


50-97 


6-02 


41-96 


1-05 


Oak (branches) 


51-01 


6-00 


41-72 


1-26 


Birch (60 years old) .... 


50-59 


6-21 


42-16 


1-03 


Birch (branches) 


50-79 


6-29 


41-48 


1-44 


Aspen (25 years old) .... 


50-31 


6-31 


42-39 


0-98 


Willow (20 years old) .... 


51-75 


6-19 


41-08 


0-98 



GENERAL PROPERTIES OF WOOD 



33 



If the results obtained in the analysis of different parts of the same 
tree are now collected, the following table is obtained : — 



Nature of the Combustible. 


Carbon. 


Hydrogen. 


Oxygen and 
Nitrogen. 


Ashes. 


Leaves 


45-015 


6-971 


40-910 


7-118 


Smallbranches ^^q ^ ' 


52-496 
48-359 


7-312 
6-605 


36 

44 


737 
730 


3-454 
0-304 


Medium-sized \ Bark . 


48-855 


6-342 


41 


121 


3-682 


branches ( Wood . 


49-902 


6-607 


43 


356 


0-134 


Large branches -r^^ , ' ' 


46-871 
48-003 


5-570 
6-472 


44 
45 


656 
170 


2-903 
0-354 


t™-!^- \lta. . 


46-267 


5-930 


44 


755 


2-657 


.48-925 


6-460 


44 


319 


0-296 


Large roots . j ^ark^ . 


48-085 


6-624 


48 


761 


0-129 


49-324 


6-280 


44-108 


0-231 



Wood Ash. 

When a sample of wood is burned, a residue is obtained, made up 
of fixed mineral substances forming the ashes. Leaves and bark usually 
yield more ashes than the branches. 

This question has been the object of a great number of researches, 
the most important ones being carried out by Chevandier de Valdrome. 
This savant obtained the following results : — 





Number of 
Incinerations. 


Ash 
per cent 


Willow 


. ' . . 17 


2-00 


Aspen 
Oak . 


59 
93 


1-73 
1-65 


Yoke-elm 


73 


1-62 


Alder-tree 


26 


1-38 


Beech 


93 


1-06 


Wild pine 
Fir . 


28 
46 


1-04 
1-02 


Birch 


89 


0-85 



The proportion of ashes is influenced by the nature of the soil. 
Inorganic matter may be inequally distributed in the wood of the trunk 
of the same tree. 

As to the composition of the ashes, the results of analyses executed 
by Witting may be given as an example, Nos. 1, 2, and 3 referring to 
the ashes from birch, and Nos. 4 and 5 to those from beech. 

No. 1 had grown in a soil rich in alumina, iron sesquioxide, and in 
silica. 

No. 2 in a soil very rich in lime. 

No. 3 in a soil providing, upon analysis, nearly 95 per cent, of 
matters insoluble in acids. 
3 
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No. 4 in the same soil as No. 2. 
No. 5 in the same soil as No. 3. 



COMPOSITION OF THE ASHES OF WOOD. 





Birch. 


Beech. 


1 


2 


3 


4 


6 


Potash .... 


12-81 


5-67 


14-78 


6-94 


10-91 


Soda 


1-60 


1-25 


2-77 


0-34 


1-23 


Lime .... 


2672 


46-89 




43-59 


13-55 


Magnesia . 


2-22 


1-69 


11-78 


5-39 


12-03 


Alumina .... 


1-38 


0-42 






0-05 


FeA 


0-78 


0-47 




0-62 




MnO 


0-00 


1-67 


3-81 


0-00 


3-47 


Silica 


2-88 


1-51 


4-00 


213 


6-36 


Carbonic acid 


18-83 


24-67 


12-92 


28-29 


26-24 


Phosphoric acid . 


8-13 


4-22 


16-65 


7-54 


5-64 


Sulphuric acid . 


0-02 




2-77 


0-62 


1-04 


Chlorine . 












Insoluble residue 


7-17 


7-17 


9-84 


0-62 


6-68 


Water 


19-84 


2-40 


4-67 


3-66 


10-71 


Charcoal .... 


0-62 


0-46 


0-49 




2-08 



Other analyses, carried out by Will (at Giessen), furnish the following 
figures : — 





1 


2 


3 


4 


Potash 


15-80 


2-79 


0-93 


16-24 


Soda 




2-76 


15-99 


14-59 


7-27 


Lime 






60-35 


30-36 


33-99 


25-85 


Magnesia 






11-28 


19-76 


20-00 


24-50 


Mn304 . 








18-17 


7-61 


13-50 


Phosphate of FcjOj 






1-84 


5-10 


2-28 


6-18 


Fefi, . . 










7-73 




Phosphate of lime 






3-99 








Sulphate of lime 






2-30 


3 31 


5-05 


291 


Chloride of sodium . 




0-21 


1-48 


2-52 


0-92 


Silica 




1-46 


3-04 


5-27 


3-60 


Ashes per cent, of woo 


d dried at 100° 






0-143 


0-190 


0-322 



No. 1 was a Fagns sylvatica from Switzerland. 

Nos. 2 and 3 Pinus sylvestris of Giessen, grown near the manganese 
mines. 



General Distribution of the Inorganic Elements in Trees. 

Chlorine. — The ashes of trees belonging to the Amentacece group 
almost constantly yield less than 1 per cent, of chlorine, and often 
only traces. The ashes of the Conifers appear to contain a trifle more — 
from 1 to 2 per cent. 
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Sulphuric Acid. — The proportions are variable. Several trees 
furnish less than 1 per cent. ; such are the Populus alba and tremula ; 
others contain up to 4 per cent, of it, like the Populus virginiana. 
The Pinus strobus provides up to 10 per cent. 

Phosphoric Acid. — In the ashes of the Conifers 3 to 6 per cent, of 
it is met with ; the oak and the young elm furnish from 7 to 9 per 
cent., boxwood 11 per cent. The arborescent Rosacece only give 3 to 5 
per cent. 

Silicic Acid. — The frutescent and arborescent Rosacea} contain only 
some hundredths. The conifers, vine, and boxwood contain from 6 
to 12 per cent. ; and the Amentacem are almost completely destitute 
of it. 

Potash — Soda. — Potash is the only alkali in the Amentacem. 
Conifers contain up to 6 per cent, of potash. As a rule, the plants 
have a greater tendency to absorb potash than soda. But the Amen- 
tacecB, and trees in general, are much poorer in alkalies than the greater 
portion of the herbaceous plants. 

Calorific Power of Wood. 

When a combustible contains oxygen and hydrogen in the same pro- 
portions as water, its calorific power can be determined by the amount of 
carbon which it contains. This is the case with wood. 

All descriptions of wood having obviously the same chemical com- 
position must, at the same degree of desiccation, produce by their 
complete combustion the same amount of heat. Berthier's experiments 
led him to this conclusion. 

Welter contended that all combustibles evolved the same absolute 
quantity of heat when they are combined with the same amount 
of oxygen. Dulong's experiments, however, have not confirmed this 
rule. 

Hence it is, for example, that an equal weight of carbon and 
hydrogen take, in order to become transformed into carbonic acid and 
water, quantities of oxygen the ratio of which is 1 to 3, whilst the heat 
produced is in the proportion of about 1 to 5. 

Welter's rule therefore is not exact as regards combustibles which 
differ from each other, like carbon and hydrogen, but it may be considered 
sufficiently exact if it is desired to compare the calorific power of 
combustibles in the same physical state, or thereabouts, like wood 
and coal. 
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It is by building upon this rule that Berthier gave a method of 
determination of the calorific power — a method which is not rigorously 
exact, but which, however, we will point out later on, first, on account of 
its great simplicity, and, secondly, because it is still often employed in 
laboratories. 

The calorific powers of wood depend upon its hygrometrical con- 
dition. Now, this state may vary in very extended limits ; the calorific 
power of the wood to be tested can only be ascertained after having 
first determined the quantity of water which it contains. 

If desiccation is to be obtained at 100°, it is sufficient to take a 
certain weight in -the state of sawdust, to dry it in a capsule heated in 
a water-bath, and to weigh the wood when the disengagement of vapour 
is terminated. In applying this method, however, a certain quantity of 
water retained by the ligneous fibre is still left. 

The simplest method is to employ an ordinary lamp. The 
warm air coming out of the chimney is about 300°, and the current 

of air preserving this temperature dimin- 
ishes as it rises. If, consequently, a 
vertical cylinder, open at both ends, were 

n ^ |i 1^^ |4 placed in the current of warm air, the 

^ N ^ ^— n" /■ J*» average temperature of the air which 

would go through it would not be so 
high as if the cylinder were placed at a 
greater altitude. But in order to apply 
this disposition to the treatment of wood, 
it would be necessary for the currents 
of warm air which traverse the cylinder 
to be mingled so as to take an even 
temperature. 

An apparatus has been pointed out by Peclet which satisfies these 
conditions (Fig. 27). 

The cylinder is in sheet-iron; it is about 010 m. both in diameter 
and height. It is divided inside by several diaphragms, which force 
the current to pass successively, sometimes to the circumference, soine- 
times to the centre. This cylinder is terminated at the lower part 
by two stems of cone placed in an inverse direction. At the top it is 
furnished with a concave surface and with a sheet-iron capsule, carrying 
a tubule, through which the stem of a thermometer is passed. The 
apparatus is supported by two supports, which allow of its being placed 
at a convenient height. 




Fig. 27. 
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Berthiee's Method of Treatment, or by Litharge. 

In accordance with what has already been said, it will be perceived 
that, without knowing the composition of a combustible, its calorific 
power can be determined if the weight of oxygen which it requires for 
complete combustion could be estimated. 

Several metallic oxides are reduced so easily that, upon heating them 
with a combustible body like wood, the latter gets burnt integrally with- 
out any of its elements being able to escape the action of oxygen. The 
composition of the oxide is known ; if, therefore, the weight of the part 
which has been reduced be taken, the proportion of oxygen having 
participated in the combustion can be deducted from it. 

Experience has proved that litharge can be employed very advan- 
tageously. The following is the mode of procedure : — 

An intimate mixture of from 30 to 40 grms. of litharge with 
1 grm. of wood to be treated is introduced in an earthenware crucible ; 
the mixture is covered with 20 to 30 grms. of litharge. The whole 
is placed in an already-warmed stove, and progressively carried to 
red-heat. The mixture softens, boils, and swells. When fusion is 
complete the heating is continued for about ten minutes, in order that 
all the lead can be got together in a single homogeneous and well- 
melted mass. 

The crucible is withdrawn from the furnace, then broken after 
complete cooling. The lead is easily withdrawn, carefully cleaned, and 
weighed. 

In the operation the combustible part of the body submitted to the 
treatment becomes completely transformed into water and carbonic acid 
under the influence of the oxygen of the lead oxide. If Welter's rule is 
applied, the weight of the lead obtained is exactly proportional to the 
quantity of oxygen which the wood has taken to burn and consequently 
to its calorific power. 

It is always necessary to operate with pure litharge. Pure carbon 
would produce, from litharge free from minium, 34 times its weight of 
lead, and hydrogen 103"5 times its weight — that is to say, a little more 
than three times as much as the carbon. 

If the wood contains volatile matters, the proportion of them is 
known by the immediate analysis ; if, moreover, the proportioia of lead 
which it gives with litharge is sought for, it is easy to calculate the 
equivalent in carbon of the volatile matters, and, in consequence, to know 
what is the calorific value of the substances which are extracted from 
wood in submitting it to carbonisation. 
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Let us suppose, for example, that the sample treated furnishes after 
distillation a quantity A of charcoal, subtraction made from the weight 
of the ashes, and a quantity B of volatile matters, that it produces a 
weight M of lead. 

The quantity A of charcoal would give 34A of lead ; the quantity 

B of volatile matters would only give M — 34A; it would therefore be 

M-34A 
equivalent to ^ — of carbon. It therefore follows that the quantities 

of heat developed by the charcoal, the -volatile matters, and the non- 
changeable combustible would be between them like the figures 
34A, M — 34A and M, which represent the quantities of lead, or like 

M-34A 34 . . ^ , 

the figures A, ~ — , and — , which represent the quantities of carbon. 

Knowing, therefore, the proportion of lead which the testing of a 
wood gives with htharge, its calorific power can be easily calculated, 
for direct experiments have determined the weight of pure water 
which the charcoal can heat by 1° ; this weight is, according 
to Despretz, equal to 7"815 times that of charcoal. Now, as this 
body produces with litharge 34 times its weight of lead, it follows 
that each part of lead produced is equivalent to 230 calorific units 
or calories. 

The analysis of any wood considered as a combustible is generally 
made in the following manner : — 

(1) The proportion of water at 120° in the drying-stove is deter- 
mined. 

(2) In order to fix the quantity of combustible volatile parts, 1 or 
2 grms. of wood are put into a closed platinum crucible, which is rapidly 
brought to red-heat. As soon as the volatile parts cease to burn above 
the lid, it is allowed to cool and is weighed. 

(3) Afterwards the ashes and the carbon of the coke left by the first 
calcination are determined. For that, the crucible' is heated to red-heat 
without covering it until all the carbon is burnt. The new weight gives 
the amount of ash ; the carbon is estimated by difference. 

(4) Finally, the ashes are examined and analysed. 

MM. Scheurer Kestner and Meunier submitted cellulose to com- 
bustion in Favre and Silbermann's calorimeter. These experimentalists 
found that this substance gives almost exactly the quantity of heat 
corresponding to that of the carbon which it contains. They found as 
calorific power the value 3"622, and as cellulose contains 44'44 of 
carbon, that the calorific power of the pure carbon is 8"080, the product 
8-080 X 0-4444 gives 3-591 — a value approximating 3-622. 
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As -wood dried at 140° contains on an average 0-50 of carbon 
and, besides, 0-01 of free hydrogen, its calorific power would be — 

0-50 X 8080 + 0-01 X 34462 = 4384 calories; 
but this is on the supposition that the product of combustion has been 
completely condensed, which does not ordinarily take place. If account 
of this is taken in the calculation, the average value of 4-000 heat units 
is arrived at. 

It may be admitted en HsumA : 

(1) That all wood at the same state of desiccation obviously pro- 
duces the same quantity of heat. 

(2) That for wood thoroughly dried artiiicially, the calorific power is 
about 4-000 calories, deduction being made of the latent heat of the 
water which remains in the products of combustion. 

(3) That for wood in the ordinary state of desiccation, which includes 
about 25 to 30 per cent, of water, the calorific power varies between 
2-600 and 2-800 calories. 

In order to terminate what is relative to the calorific power of wood, 
we give the table of experiments of Berthier and Winckler, indicating, 
for certain species of wood, the quantities of lead reduced and the quan- 
tities of water vapourised per kilogramme of each wood. 



Nature of Wood. 


Lead reduced per kilo- 
gramme of Wood. 


Water evaporated at 100 
per kilog. of Wood. 


Oak . 


Kilogs. 
12-50 


Kilogs. 
5-27 


Ash . 


14-96 


5-97 


Sycomore . 


13-10 


5-53 


Beech . 


13-70 


5-77 


Fir . 


14-50 


6-11 


Pine . 


13-70 


5-77 


Horn-beam . 


12-50 


5-27 


Elm . 


14-50 


6-12 


Poplar 


13-04 


5-50 


Lime . 


14-48 


5-11 



PART II. 

DESCRIPTION OF THE DIFFERENT SPECIES 

OF WOOD. 



CHAPTER V. 
PEIXCIPAL VARIETIES WITH CADUCOUS LEAVES 

FuEZE {Ulex Europceus) (Fig. 28). 

This shrub is also known under the name of Jonc marin (marine shrub) ; 
it is usually found in the sandy waste lands of Western France, of 
Brittany, and of Normandy. 

4!f 




Fig. 28. 

Its wood is yellowish white, hard and heavy, and is extensively used 
in the heating of furnaces. 

Sekvice-Tkee {C'rafar/ns) (Fig. 29). 
White or Common Service-Tree (Crafcegus aria). 
This tree may reach a height of about 33 ft.; its trunk often has a 
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circumference exceeding 3 ft., though upon mountains this is never more 
than a shrub. Its wood is very hard, of a fine and compact grain, a 
very fine polish often being acquired. It is often used in the making of 
tool-handles and flutes, and its charcoal is highly valued. 




\ 1 6 * •'-' 





Fig. 29. 



Fio. 30. 




Fig. 31. 

Service-Tree of the Woods {Gratcegus terminalis) (Fig. 30). 

This can also grow to a height of more than 33 ft. Its wood is 
white, compact, of a fine grain, and thoroughly preserves the colour 
which is given to it. It is greatly sought after by joiners and carpenters ; 
it is also of use to engravers, and likewise makes a good firewood. 

Service-Tree of Fontainebleau {CrMcegiis latifolia). 

This differs from the preceding by its angular leaves, which are much 
larger. Its wood serves the same uses. 



Sea Buckthorn {HippopM rhamnoides) (Fig. 31).. 
This is a shrub which flourishes in the damp sands of downs and in 



42 



TIMBER 



calcareous earth. Its wood, of a hard, yellowish-brown nature, is not 
of use as a combustible, but it is very rich in potash. 



^^■^ 



Alder-Tree (Ahms). 

The alders are trees with simple, alternate leaves. They belong to 
the AmentacecB family. A dozen different varieties are known, the 
principal being : 

Common Alder (Alnus ghdinosa) (Fig. 32). 

This tree may attain a height of about 70 ft. The leaves are 
rounded and dentated on the edges. This is the most aquatic tree 
in Europe, growing very well in marshy lands, where neither the 
poplar nor the willow can exist. Alders are generally planted in those 
portions of forests where the soil is most watery, around meadows and 
pasture-grounds. If the subsoil contains any iron mineral — limonite, for 
instance — its vegetation is arrested. 

The greatest longevity of the alder is about sixty years. The stumps 

of alders give, after their trunk has 
been cut, a large number of sprouts, 
which, after the end of the first year, 
grow to five or six stalks. These young 
alders are ready, after seven or eight 
years, to be made into poles, which are 
sold to turners. 

In copses, alders may be cut every 
seven years, and then serve to make 
ladders, chairs, rough bedsteads, broom- 
handles, vine - props, hay - rakes, etc. 
Builders also employ alder-perches to 
support their scaffolding. 

The wood of the trunk of these 
trees is employed in light timber- 
work ; it is utilised for making water - conduits and piles, which last 
as long as those of oak, provided they be always in water or 
damp earth. It is of equal use in the making of wt)oden shoes 
and clogs. The grain of this wood is homogeneous, its pores being 
scarcely apparent, but it is soft, and the joiner does not ordinarily 
use it. 

The combustion of the alder does not produce great heat, though it 
gives plenty of flame. It is largely employed by bakers and lime and 
plaster manufacturers. 




Fro. 32. 
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Being very astringent, the bark of the alder can be utilised in the 
tannage of leathers. 

In northern countries this species is replaced by the following : — 

White Alder {Alnus incana) (Fig. 33). 

This tree does not flourish so well as the preceding one in damp earth ; 
it grows better in sandy soil. It finds the same uses as the foregoing. 



Bezoak {Gymnocladxis). 

The straight and naked trunk is terminated by a bushy and slightly 
spread summit. The average height is from 15 to 20 metres (about 
50 ft. to 65 ft.). It is an exotic tree, the wood of which (very compact 
and rose-coloured) is very fine and strong. It has scarcely any sap- 
wood, and can be employed in all kinds of cabinetmaking. 





Fig. 33. 



Fig. 34. 



White Biech-Teee {Betula alba) (Fig. 34). 

The white or common birch is a tree the height of which may 
attain about 60 ft. and the stem a diameter of about 3 ft. It is 
distinguished over all the trees of the forest in so far as it succeeds 
in the most arid and the most humid soils. Its wood, tinted with red, 
presents a fine grain, can be easily polished, and it is fairly durable. 
Joiners, turners, cabinetmakers, and wooden-shoe makers often use it. 

Birch wood is white and light ; it burns rapidly with a very clear 
flame. Its charcoal is employed in the making of gunpowder. 

In the north of Europe its bark replaces that of the oak for the tannage 
of hides. The Swedes utilise its sap in the preparation of a syrup which 
is substituted for sugar, and hence provides an agreeable alcoholic liquor. 
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Box-Teee (Buxus sempervirens). 

This is a shrub whose stem may acquire a large diameter. The 
wood of it is of a palish-yellow colour, and its tissue is very close and 
compact. It is heavier than water. 

Its wood, whilst being excellent as firewood, serves besides in the 
making of beads, whistles, buttons, taps, forks, spoons, combs, snuff-boxes, 
etc. ; it is also extensively used by wood-engravers. Its leaves, after 
having served the purpose of litters for herds, produce a very good 
manure. 



Wild 'Cheeky-Teeb (Oerasus avium) (Fig. 35). 

The height of this tree does not exceed 10 to 15 metres (about 
33 ft. to 50 ft.). Its bark (smooth, whitish, and a little red) is formed 
of several layers easily becoming separated. 

The wood of this tree is stout, reddish, hard, and compact; being 
easily workable, it takes a beautiful polish. Turners, cabinetmakers, 
and joiners often employ it. 





Fig. 35. 



Fis. 36. 



If it is steeped for several days in lime-water, it is made to acquire 
a beautiful brownish-red colour, which allows of its employment in 
cabinetmaking in place of mahogany. It is equally useful as carpenters' 
timber and as firewood. Its fruit, which is highly esteemed, serves by 
distillation in the fabrication of different liqueurs. 
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This species grows well in forests and in the shadow of large trees ; 
the cherry-tree flourishes in mountainous countries, as well as in 
calcareous, light, and sandy earth. 

Cherry Wood of St. Lucia (Oerasus mahalih) (Fig. 36). 

This a shrub growing easily in the worst ground, and even in the 
clefts of rocks. The wood, which is hard and odorous, is largely em- 
ployed in the cabinetmaking industry. 



HORN-BEAM. 

Common Hokn-Beam, ok Yoke-Elm (Carpinus hetulvs) (Fig. 37). 

This tree is not of very great interest. Its stem may reach the 
height of about 60 ft., and its trunk from about 4 ft. to 5 ft. in 
diameter. Growth is slow, and it produces less timber than the oak. 
Its wood is white, hard, heavy, and of a close grain, and it is necessary 
to wait until it is very dry before using it. Being less elastic than the 
ash, it renders yeoman service in wheelwrights' work, but it is especially 
useful as firew6od, on account of its lighting easily and of its flame being 
very bright. 








Fig. 37. 



Fig. 38. 



Hop Yoke-Elm {Ostrya vulgaris) (Fig. 38). 

Very analogous to the preceding, this is found more generally in 
Italy and upon the borders of the Adriatic. Its wood, like that of 
conjmon yoke-elm, is excellent for the fire-grate. 




Fig, 39, 
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Common Chestnut-Tebe {Fagus castanca) (Fig. 39). 

This is one of the most precious trees, by virtue of its height, the 

quality of its wood, and the abundance and goodness of its fruits. It 

can be easily developed in 
sandy soils. Its timber is 
very analogous to that of the 
oak, but its colour is less de- 
veloped, and contact with air 
does not make it so brown. 
Its durability is extreme ; and 
it is of great service to 
carpenters and joiners. It 
can also be employed in the 
manufacture of casks and 
tubes for water-pipes. 
It is little valued for firewood (for it does not give any flame), as it 

blackens and cracks in the fire. 

It is well known what great services its fruit renders for the feeding 

of the poor classes, especially in the provinces of the south and in the 

centrevof France. 

American Chestnut-Tree {Castama vesca). 

This tree greatly resembles the chestnut-tree of Europe ; it may 
reach a height of about 100 ft., with a diameter of about 6 ft. Its 
fruits are smaller and sweeter than those of Europe. Its wood is strong, 
elastic, and resistant, and can be of use in the making of stakes and 
barriers, which last well. 



OAK. 

INDIGENOUS OAKS WITH CADUCOUS LEAVES. 
Oak with Sessile Acorns, or English Oak {Quercus rohur) (Fig. 40). 

The oak has certainly been for centuries the most important tree 
of the forest. The strength and excellence of its wood and the beauty 
of its foliage have always given it preference in the planting or renewing 
of forests. Oaks are divided into two classes : those having caducous 
leaves (which are lost in winter) aud those with persistent leaves, or 
evergreen oaks. 
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The rouvre (or English) oak is a very high tree, generally with 
smooth bark in its infancy, but greyish and unequal when it gets old. 
The black oak of Fontainebleau is a variety of the English oak. 





Fig. 40. 



Fig. 41. 



Pedunculate Oak (Quercus pedimculata) (Fig. 4:1). 

This grows higher and more quickly than the preceding one. Its 
leaves are wider at the top, and its fruits are carried by a longer 
peduncle. 

This tree flourishes in argillaceous earth, whilst the English oak 
rather prefers fresh sandy soils. Forest-rangers call it gravelin or cMnc 
femelle (female oak). Less knotty than that of the English oak, its wood 
splits more easily. It is preferred for laths, flooring, furniture, and 
carpentry in general. 

Moreover, the wood of these two kinds is largely employed, and it 
occupies the first rank as building material. 

The bark, especially that of the English oak, furnishes an excellent 
tan. The fruits, or acorns, serve as food for some animals. 



Pyeamidal Oak. 

This species resembles the English oak in its leaves, and the 
pedunculate oak in its fruits. Now very largely planted in the 
environs of Paris, it grows naturally in the Pyrenees and the Landes 
of Gascony. 
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Fibrous Oak {Quenus cerris) (Fig. 42). 

This is a tree whose height may reach about 33 ft. The trunk is 
knotty and twisted. It is also known by the names of Burgundy oak 
and Austrian oak. Its wood is of use in building. 





Fig. 42. 



Fig. 43. 



Tauzin or Angiers Oak {Quenus tauza) (Fig. 43). 

This may attain a height of about 85 ft. The acorns are yielded 
by auxiliary peduncles. Its wood, which is hard and nutty, is highly 
esteemed for buildings and firewood. 

Several varieties of it exist, such as : 

(1) The tauzin with pedunculate, axillary, and terminal acorns, with 
slightly ciliated cup. 

(2) The tauzin with pedunculate axillary acorns. 

(3) The tauzin with small pedunculate, axillary, and terminal acorns, 
growing in clusters. 



INDIGENOUS OAKS WITH PERSISTENT LEAVES. 

Evergreen Oak (Quercus ilejo) (Fig. 44). 

This is a tree with a small tortuous stem, having a large number of 
branches, which are oval and have rough bark. Its wood is susceptible 
of taking a beautiful polish, but it cracks easily and deteriorates in drying. 
It is used in the making of axle-trees, crow-bars, and beams. Its bark 
furnishes a tan of superior quality. 
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The heart-wood is very much sought after for mallet handles. As a 
rule, this tree grows well in dry and sandy soil. 








Fig. 44. 



Fio. 45. 



Coek-Oak (Quercus siiber) (Fig. 45). 

This is a valuable tree, details of which will be given later. It is 
found in the provinces bordering the Mediterranean ; its trunk often 
reaches an enormous size. The bark is very thick, cracked and 
spongy. The wood of the cork-oak makes an excellent firewood ; it 
is also largely employed in joinery work. 



EXOTIC OAKS. 

White Oak (Quercus alha). 

Native of North America, it greatly resembles the oaks of Europe. 
It receives its name from its bark, which is very white but is spotted 
with black. The wood is of a reddish colour, and is useful for a 
number of purposes, and especially in the construction of ships. Being 
very strong and elastic, it lasts very well ; it is, however, not so 
weighty and compact as the oak of Europe, and is but little used in 
carpentry. 

Aquatic Oak {Quercus aquatiea). 

This is widely spread in Virginia, the lower portion of Carolina, and 
in Eastern Florida ; it occupies the narrow marshes, and its height does 
not exceed about 50 ft. Its wood is very hard, though not so supple 
or elastic as that of the white oak. 
4 
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Scarlet Oak {Quercus coccinea). 

This is a beautiful tree, aboimding in Pennsylvania, Virginia, and in 
the upper portion of the Carolines. It may grow to a height of about 
1 00 ft. ; it receives its name from the nature of its foliage, which, in 
autumn, is of a magnificent scarlet colour. An excellent tan is produced 
from its bark. 

White Oak of the Marshes. 

The leaves of this tree are, underneath, of a beautiful silver-white 
colour, whilst on top they are of a brilliant green. 



Oak with Lyre-shaped Leaves {Quercus lyrata). 

This is met with in America, upon the banks of the Mississippi, and 
in Eastern Florida. The wood is inferior to that of the white oak. 



Oak Chestnut-Tree {Quercus montana). 

This tree abounds on the banks of the Hudson and upon the hills 
that are met with near the Alleghany Mountains. At the height of 
about 60 ft. it presents a beautiful patulous head, and may thrive very 
well in the environs of Paris. Its wood is, after that of the white oak, 
the most sought after for the building of boats ; it is also excellent as 
firewood. 

" Post " Oak {Quercus obtusildba). 

This is an excellent tree, the wood of which is very hard. It is 
only of medium height, but it grows very well in dry and poor earth. 

Eed Oak {Quercus rubra). 

Both a cold climate and a fertile soil are essential to the development 
of this oak. Its wood is rough and of mediocre quality, but its bark is 
largely employed in the tannage of leather. 

Quercitron Oak {Quercus iinctoria). 

Very fine specimens of this oak are met with in the United States on 
both sides of the Alleghany Mountains. Its wood, which is of a reddish 
colour and having a rough grain, is largely employed in the making 
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of staves, and furnishes an excellent combustible. The bark is very 
rich in tannin, but it gives to leather a peculiar yellow colour. The 
cellular portion of this bark furnishes quercitron, a dye-stuff which dyes 
wool, silk, and wall paper yellow. 

Evergreen Oak (Quercus mrens). ■ 

Seaside air appears to be necessary for the existence of this tree, 
which is but rarely met with inland. Its wood is very heavy, compact, 
and of a fine and close grain ; it is also much more durable than that 
of the white oak, and is largely employed in naval constructions. It 
also provides a tannin of the first quality. 

Velani Oak. 

This oak grows principally in Greece and in the Archipelego Islands. 
It has the aspect of French oaks, but its leaves have on their edge 
angular lobes ; they are coriaceous, smooth, and slightly pubescent. The 
fruit is very large; the cupule, which is voluminous, contains a great 
quantity of astringent elements. In the East and in Greece it is often 
substituted for the gall-nut. 

Dog-Berry-Tree of Forests (Cornus mas) (Fig. 46). 

This is a large shrub growing naturally in woods and copses, on 
calcareous soil. It grows very slowly, and it may reach a very advanced 
age. Montmorency Forest contains one 
of them to which the remarkable age 
of a thousand years is attributed. The 
middle of the old dog-berry-tree is brown 
and its sapwood white. Its wood is 
very hard, its fineness making it suscept- 
ible of acquiring a beautiful polish. It ^^^- ^^■ 
is used for making spokes of wheels, ladders, quoins, and pins. The bark 
of the branches, which is very astringent, can be used as febrifuge. 

Blood-Coloured Dog-Berry-Tree {Cornus sanguinea). 

The branches of this shrub are of a brownish-red colour ; it grows 
spontaneously in the woods and copses of the south of Europe, where it 
forms very bushy hedge-rows. Fagots for firewood are made with the 
stems and branches. 
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Hazel-Trbe {Gorylus avellana) (Fig.- 47). 

This is also called " nut-tree," and its wood resembles that of the 
yoke-elm, but it will not burn easily. When it arrives at a certain age, 
it is used in the making of hoops and hurdles. 



False Ebony Cytisus (Citisus laburnum). 

This is a tree of moderate height, the papilionaceous flowers of which 
are arranged in long, yellow clusters. It grows amongst mountainous 
woods in almost every country of Central Europe. 

The wood of this tree is very hard, supple, elastic, and is very 
durable ; it gets blackish with age and will take a beautiful polish, 
which is the cause of its being employed by cabinetmakers and turners. 

A 





Fig. 47. 



Fig. 48. 



MAPLE-TEEE. 



The maple-trees constitute a genus having numerous species and 
varieties and being largely distributed throughout Europe. They gener- 
ally have a straight stem, with opposite leaves, polygamous flowers, and 
flattened and winged fruits. 



Sycamoee Maple, or Plane-Tkee {Acer ■pseudo platanus): 

This is the most remarkable variety, and is of the largest size. 
Its roots are both tap-rooted and running. The stem can reach about 
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100 ft. high and about 3 ft. in diameter ; it is straight, regular, and 
cylindrical, and is covered with a greyish-brown bark, generally smooth 
and becoming cracked and knotty in very old trees. 

Several varieties of this tree are known, one especially, which is 
variegated with white, yellow, and red, and is exquisite as an 
ornamental tree. 

The sycamore maple (Fig. 48) is found in the mountainous regions 
of Central France, Germany, and Switzerland. It flourishes better in 
mild climates, though it also prospers in the high regions of the Alps. 

This tree vegetates in almost every description of soil, though it 
flourishes best in fresh soil, well worked, permeable, and of a dark 
colour. 

The sycamore maple-tree has a rapid growth. In a good soil it 
will often attain, at the age of seventy years, a height of about 80 ft.; 
and it may live for more than two centuries. 

As the sycamore maple alone rarely forms groups of any importance, 
it is little used for plantations. It can be used towards its hundredth 
year, and the same treatment as is accorded to beech applied to it ; in 
fact it is often used with this wood. Rather strong specimens of it are 
advantageously employed in joinery, cooperage-work, and cabinetmaking. 

The sycamore is largely employed to border paths ; the lopping off 
of its branches is easy, and is done as -in the case of the ash. It is 
sometimes cultivated as a pollard, and if care be taken in the cutting 
of the lateral branches at about 50 cms. from the stem, wood is 
obtained which is more veiny, more streaked, and more sought after for 
marquetry and veneering. 

The wood of this tree is white, with a slight yellowish or ashy tint ; 
agreeably veined, elastic, firm without being very hard, of a dense tissue, 
and of a fine grain capable of being beautifully polished. It can be 
easily worked, and is employed in carpentry provided it is sheltered 
from atmospheric variations. It is not subject to warping, and worms 
rarely attack it. 

This wood is in great demand for cabinetmaking, joinery, lathes, 
wheelwrights' work, and cooperage Ji is also used in the manufacture 
of musical instruments, stocks of guns, and for wood flooring. Bows, 
pestles, rollers, various vessels, tables, etc., are made from it. 

The roots and excrescences, which are better veined, are especially in 
demand for marquetry. 

The maple is rarely employed for firewood or in the making of 
charcoal ; this is on account of its high price, which reserves it for the 
arts. 
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As a firewood it is superior to the majority of the other species ; 
indeed, Hartig places it in the first rank in this respect. It must be 
added that the ashes are very rich in potash. 

The sap of the sycamore maple, like almost all its congeners, contains 
a certain proportion of sugar ; but its cultivation from this point of view 
is scarcely advantageous, and cannot compete with that of the other 
sacchariferous plants generally cultivated. In the regions of the North 
a fermented beverage is sometimes obtained. The leaves may serve as 
animal food, and the flowers are much sought after by bees. 



Platane Maple (Acer platano'ides) (Fig. A9). 

This is also known by the name of " Norwegian maple.'' It differs 
from the preceding by its height (which is not so great), its yellowish 

bark, red buds, more pointedly- 
lobed leaves, yellow flowers, in 
dressed clusters, and its flattened 
and non-sloped fruits. 

The wood is not quite as good 
for cabinetmaking as that of the 
sycamore. It is of a watery 
white, firm without being hard, 
is easily worked, and takes all 
colours. It is especially employed 
for musical instruments, tables, 
and chests. 

Along with the sycamore, the 
maple is amongst the most beautiful trees employed for avenues, gardens, 
parks, etc. 

This species of maple is still less subject than the sycamore to the 
attacks of insects. 




Fig. 49. 



Sylvan Maple (Acer campestre) (Fig, 50). 

Appreciably smaller than the. two others, it grows to a height of 
about 40 ft. to 50 ft., or more. 

It often assumes the form of a bushy shrub. Its suberic and 
cracked bark is of a fawn colour on the young branches. Its leaves are 
small, with rounded lobes. 

The growth of this tree is very slow; but it may live for two 
centuries. It does not attain such a height upon mountains as the 
preceding ones, and is found in woods on dry and stony soils. 
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This species is the best, after the yoke-elm, to form hedges and 
palisades. The wood is hard, homogeneous, fine, of a dullish white, and 
will take a beautiful polish. Like that of other maples, it serves in the 




Fig. 50. 

making of lathes, joinery, cabinetmaking, and musical instrument-making. 
Poles, whip-handles, small furniture, and snuff-boxes are made from it. 
The wood is also very useful as firewood and for the making of charcoal. 



MONTPELLIER Maple (Acer Monspessulanum). 

This tree is of average size, the trunk of which is often very large. 
It has plenty of branches, and is of a beautiful form. Its bark is 
reddish ; its leaves have three very regular lobes, and the fruit is very 
small (Fig. 51). 




Fig. 51. 

It is one of those species which best suit mountainous and arid 
countries. Its wood, being harder and heavier than that of the other 
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maples, is employed for the same purposes, though it is notably useful in 
cabinetmaldng. 

Several varieties of maples are found in North America, amongst 
which may be cited — the red or tomentose maples {Acer ruhrum), the 
sugar-maple (Acer saccharimmi), the jasperated maple {Acer Pennsylvani- 
cum), the mountainous maple {Acer spicatum), and finally the " Negundo " 
or ash-leaf maple. 

Thkee-Horned Acacia {Gleditzia). 

These are exotic trees, largely distributed in gardens ; their wood is 
hard, supple, red-veined, and of a fine and compact grain. 



ASH-TREES. 

Ash - trees form a part of the Jasminece family, and are mostly 
large, pinnate-leaved trees. There are about forty species of ash-trees, 
the largest of which grow in America. The following are the principal : — 

Tall oe Common Ash {Ffaxinus excelsior) (Fig. 52). 

This tree, when full grown, may attain a height of about 100 ft. 
The branches are smooth and of an ashy-green colour ; the leaves are 
large, opposite, and formed by oval or oblong folioles. The ash grows 
naturally in forests, and preferably in light and moist soil. Its growth 
is rather slow. Before the discovery of quinine its bark was used as 
a febrifuge. 

The wood of the ash is white, longitudinally veined, rather hard, 
supple, and very elastic. It is largely employed industrially, being 
notably used in wheelwrights' work for the manufacture of those pieces 
which require plenty of elasticity, such as carriage shafts. It is also 
equally useful in the making of ladders, chairs, tool-handles, and the 
hoops of casks. 

Magnificent furniture of a yellowish tint is produced with this wood 
by the cabinetmaking trade ; it is also useful as firewood and provides a 
good charcoal. 

The other principal European varieties are : 

The Silver Ash, the gravelly ash, the jasperated-wood ash, the gilt 
ash, the horizontal ash, the urribelliferous or weeping ash, the ragged-leaf 
oak, and the white-streahed leaf ash. 

Amongst the exotic varieties may be cited ; 
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The American Ash, or white ash, which is the most remarkable for 
the quality of its wood. This tree 
is priucipally found in Canada and 
Tennessee. 

The Caroline Ash — a species 
limited to the United States ; ib grows 
rapidly, but does not exceed a height 
of 33 ft. 

The Blue Ash, an excellent tree, 
thus named because a beautiful blue 
colour can be extracted from its bark. 

The Black Ash : its bark is dull, 
and its wood (which is largely em- 
ployed) yields ashes which are very 
alkaline and highly charged with 
potash. 

The Red Ash — a species which is very common in Pennsylvania, 
Maryland, and Virginia. Its wood is of a bright red colour, possessing 
many good qualities, though it is not so elastic as the foregoing. 

The Green Ash is of very small dimensions and, consequently, is 
not employed largely. 

Pkickwood {Eiwnymus). 

The prickwood of Europe (or priest's cap) is a small tree, whose wood, 
of a yellowish-white colour, is very light, and has a fine and compact 
grain. Sometimes employed in marquetry, it is most often used in 
making distaffs and larding pins. 

Reduced into charcoal, it can be used in the making of powder for heavy 
artillery. The charcoal made from young branches is used by draughtsmen. 




Fig. 52. 



Beech-Tkeb {Fagus sylvatica) (Fig. 53). 

This is one of the most beautiful trees of the forest, often 
growing to a height of about 70 ft. A large and full top usually 
crowns it. 

Beech wood is very liable to contraction upon being dried. Being 
slightly elastic and only of medium strength, it is employed but little by 
carpenters ; it is, however, extensively used in marine constructions, and 
boats can be made from one single trunk of it. This wood is preferable 
of all others for the making of oars, and it also provides excellent shafts 
for post-chaises and wheel-fellies, 
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It is constantly employed in both the cabinetmaking and joinery 
trades ; it makes a good firewood, though it burns rather quickly. Its 
fruit — ^the beech-nut — produces an excellent oil, which is likewise good 





Fig. 53. Fig. 54. 

for edible purposes. The beech-tree flourishes in almost all kinds of soil, 
provided they are neither damp nor marshy. 




Fig. 55. 



Holly-Tree {Ilex aquifolium) (Fig. 54). 

Though often very small, yet it may sometimes attain a height of 
about 33 ft. 

The wood of this variety is hard, solid, and heavy ; its grain, which 
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is fine and compact, permits of its talcing a black colour easily. It is 
extensively employed in cabinetmaking, and beautiful furniture can be 
manufactured from this variety ; it is also useful in making tool-handles, 
wheel-teeth, brake-v^heels, flail-handles, and for certain lathe work. 
The leaves possess very marked properties as a febrifuge. 

Chbstnut-Tkee (Esculus) (Fig. 55). 

The horse-chestnut-tree is very beautiful, but of little utility ; its 
wood is soft and valueless. Battens and packing-boards are generally 
made from it. The fruit, reduced to flour, serves to make a rather good 
paste, and contains a rather large quantity of potash. 

Nettle-Tree {Cdtis Australis) (Fig. 56). 

The nettle-tree of Provence is also found in Italy. The stem, 
which may reach a height of about 70 ft., is smooth and of a greyish 
colour when the tree is young ; later on it becomes blackish and knotty. 




Fig. 56. 
The wood of the nettle-tree is compact, flexible, and very supple, and 
may be employed in a variety of ways. It grows in almost every soil, 
though principally in those that are light and fresh. 



WALNUT-TREE. 

This is a very useful species, and includes the following varieties : — 

Bittee-Fkuit^Walnut-Tkee {Juglans amara). 

In America this tree grows to immense dimensions ; specimens 
about 5 ft. in diameter are not unfrequently met with. The fruit of 
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this tree is sharp and bitter; an excellent lubricating oil is extracted 
from it. The wood is very strong, tenacious, and elastic. 

Common Walnut-Teee {Juglans regia). 

The fruit of this tree is, on the other hand, largely employed as a 
foodstuff. Its wood is in great demand by turners and cabinetmakers, 
furniture being made with it. 




Fig. 57. 




Fig. 58. 




Fig. 59. 



Figs. 57, 58, and 59 represent the fruit, the male flower, and the 
female flower of this tree. 



Aquatic Walnut- Tree {Juglans aquatiea). 

This variety always grows in marshes and ditches ; its wood is of 
inferior quality. 

Butter Walnut-Teee {Juglans caihartica). 

Equally of very large dimensions, this tree has roots which extend, 
on the surface of the earth, to very long distances. The trunk branches 
out to a slight height, and forms a broad, bushy head. The nuts are 
hard, and rounded at the base ; the kernel is thick and oily. 

The wood is light, of medium strength, and possessing a reddish tint. 
Its bark is very purgative. 
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Black Walnut-Teee {Juglans nigra). 

Very largely distributed in France, this tree flourishes in deep, fertile, 
fresh, though not too damp soils. In America it is one of the most 
beautiful trees known ; the bark is hard, whilst the kernel, of an agree- 
able and sweet taste, is inferior to the European nut. 

The middle of the wood of this tree changes, upon exposure to the 
air, from a violet to a blackish tint. Being very strong, tenacious, not 
liable to warp, and susceptible of receiving a beautiful polish, this 
wood could remain in the earth for thirty years without becoming 
rotten. It is useful for a variety of purposes, and it is one of the most 
valuable species known. 

Squamous Walnut-Tbee {Juglans squamosa). 

This variety grows to an immense height, with a small diameter. 
Its bark is disposed in squamous gills ; and the form of the stem renders 
it very suitable to the making of masts of vessels. 

Its wood is very strong, elastic, and tenacious. 





Fig. 60. 



Fig. 61. 



Wild Olive-Teee {Oka Europxa) (Fig. 60). 

This is found in Southern Europe ; it is a species of hard, compact, 
and heavy wood. 
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The olive-tree is largely employed for sculpture, wood-engraving, 
marquetry, and the lathe. 

ELM. 
Common Elm (Ulmus campestris) (Fig. 61). 

The wood of this tree is yellow, marbled with brown shades, hard, 
heavy, and capable of acquiring a beautiful polish. It is preferably 
used in the making of naves and fellies of wheels, cross-bars and axle- 
trees of carriages. 

With the exception of the oak, it is the best building wood. 

Twisted Elm {Ulmus minos) (Fig. 62). 
This is a variety of the preceding, and one of the most valuable trees. 




Fig. 62. 



Fig. 63. 



Pedunculated Elm (Ulmus pedumtdata) (Fig. 63). 

This is a native of Eussia, but it has become very common along the 
French highways. The flowers are pedunculated, and its fruit ciliated 
upon the edges. The liber of this elm is useful in the making of coarse 
rope, and its leaves are employed for forage. 



POPLAB. 



Poplars belong to the Amentacece family. Twenty varieties of these 
large trees are known, amongst which six belong to Europe, whilst the 
others form part of the forests of North America. 
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White Poplar (Fopulus alba) (Fig. 64). 

The leaves of this tree are longer than they are broad, denticulated 
unequally, glabrous, and of a deep green colour on top, clothed under- 
neath with a whitish down. 

The wood of this tree is light, white, soft, and flexible. 




Fig. 64. 



Fig. 65. 



Geeyish Poplar (Populus canescens) (Fig. 65). 

The leaves of this species are smaller, and the inferior down is rather 
jreyish than white. 

This tree is especially found in fresh and damp soil. 





Fig. 66. 



Fig. 67. 



Aspen Poplar (Populus tremulus) (Fig. 66). 
The leaves are heart-shaped, finely denticulated, and as pubescent as 
the branches which carry them. 
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Black Poplae {Populus nigra) (Fig. 67). 

This tree may attain a height exceeding 100 ft. Tlie leaves are 
almost triangular, crenated upon their edges, glabrous, and of a bright 
green colour. This variety grows equally well in humid soil and upon 
river-banks. 

Italian Poplar {Populus fastigiata) (Fig. 68). 

The trunk of this tree is always very straight ; its branches and 
boughs, serrated against the stem, form long pyramids. It may attain 
a height of about 125 ft. 





Fig. 69. 



Canadian Poplar (Fopuhis Canadensis) (Pig. 6 9). 

•The leaves are large, of heart-shape, glabrous, denticulated round their 
edges. Of Canadian origin, this tree is extensively found in Europe. 



Virginia Poplar (Populus monilifera) (Fig. 70). 

Like the preceding ones, this tree may attain a good height. The 
leaves are not so large and the female husks of the nut are longer than 
in any of the preceding varieties. 

In general, the wood of the poplar is but little employed in build- 
ings ; wooden shoes are made from it ; and carpenters saw it into boards 
for the making of cupboards, doors, and tables. In Paris this wood is 
largely employed by cabinetmakers for the body of furniture veneered in 
mahogany. 
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The common branches of all these trees serve, in country places, as 
firewood for furnaces and fire-grates. 




Fig. 70. 



PLANE-TREES. 



This is a large species of trees belonging to the Amentacece family ; 
they have alternate leaves, cut into lobes, more or less deep. Two 
principal varieties are known, as follow : — 

Oriental Plane {Platanus orientalis). 
This is a very ancient variety, being even known by the Romans. 



Western Plane {Platamia occidentalis, or acerifolia) (Fig. 71). 

Like the foregoing, this tree may attain a height of about 100 ft., 
and even more ; its trunk often acquires colossal greatness ; it does not 
suffer so much from the effects of the cold as the Oriental platane, and it 
also becomes more easily accustomed to climate in France. 

A fatty soil, slightly humid, and of a good depth, is necessary for 
plane-trees ; they attain the largest dimensions in the vicinity of rivers. 

The most frequent use made of plane-trees is in the making of 
avenues. 

The wood of the plane-tree is of a beautiful serrated tissue, resem- 
bling that of the beech-tree. Like the latter, it is of a clear, reddish 
colour; it is speckled with small spots of a dark colour. It is 
easily split, and worms attack it. But if the precaution be taken to cut 
5 
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it up into pieces, and submerge them afterwards in water for some time, 
these inconveniences are easily averted. This wood is adapted for wheel-' 
Wrights' and joiners' work. The lower and thicker parts of the trunk 




Fig. 71. 

are especially serviceable in making furniture ; cut into boards, they 
freqiiently show beautiful veins and marblings. 

As firewood, the platanes produce, in burning, a bright flame, and 
give plenty of heat. The ashes are rich in potash. 

Peae-Tkee {Pyrus comviunis) (Fig. 72). 

As is generally known, the qualities of pear-tree wood are very 
excellent. A great amount of it is used in wood-engraving, carpentry, 
lathe-work, and especially cabinetmaking. 

False Acacia Eobinia {RoUnia pseudoacacia) (Fig. 73). 

This tree belongs to the Leguminosce family, and is more generally 
known under the name of " acacia." It is one of the most beautiful 
species known, its height reaching about 100 ft., whilst its trunk is 
often about 5 ft. in diameter. 

The flowers, which appear in June, are white, and of an agreeable 
odour, being disposed in beautiful hanging clusters. 

The robinia grows far more rapidly than all the hard timbers with 
which it could be compared. 

In spite, however, of its rapid growth, its wood is very hard and 
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heavy; it is yellow, with rather darker veins; it has a fine, serrated 
grain, can be easily planed, and is capable of taking a beautiful polish, 
which makes it figure prominently in cabinetmaking. This wood is also 
very useful for turnery. 

In the United States it is often employed in naval constructions. 





Fig. 72. 



Fig. 73. 



Resisting as it does putrefaction very well, it is equally useful for making 
stakes and palisade-enclosures which last for a number of years. Pile- 
work is often made of it. It is liJfewise an excellent firewood. 
The bark of the stems and branches is purgative. 



WILLOWS. 

There are more than a hundred varieties of willows. They form 
part of the large Amentacece family. They are either trees or bushes 
having alternate leaves, the flowers of which are all masculine, or all 
feminine upon different species. 



White Willow (Salix alha) (Fig. 74). 

The height of this tree may reach about 33 ft. or 50 ft.; it 
grows in all kinds of soil, though preferably in those which are light, 
fresh, and damp. 

Its wood is white, tender, and light, and serves the same purposes as 
that of the poplar, whilst being preferable to it. 
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Osier Willow {Salix vitellina) (Fig. 75). 

This variety differs from the foregoing by its branches, which are of 
a deep yellow colour, and by its leaves, which are more narrow and 
glabrous. As osier, it is used for basket-work and bands. 





Fig. 74. 



Fig. 75. 



Fragile Willow {Salix fragilis). 

This tree greatly resembles the white willow ; its boughs offer little 
resistance, and are very brittle. It is principally this variety which is 
planted with the white willow on the borders of meadows and pasture- 
lands. 

The wood of the white, as likewise of the fragile, willow is reddish or 
ruddy ; it has a rather fine and smooth grain ; it works well whether 
with the jointing-plane or lathe. Wooden shoes are principally made 
with it. It is rarely employed by joiners, unless for common work. 

The bark of these trees is bitter and astringent ; and in certain 
countries it is utilised in the tannage of leather. 

Babylonian or Weeping Willow {Salix Bahylonica). 

The horizontal branches of this tree, divided into long slender boughs, 
give to it quite a particular aspect. The leaves are narrow, lanceolated, 
glabrous, and of a tender green colour. 

Marcescent Willow {Salix caprca) (Fig. 76). 

This tree may attain a height of about 50 ft. Its greyish 
branches are furnished with oval or rounded leaves. It is common in 
the fresh and damp forests of France, growing very quickly. 



PRINCIPAL VARIETIES WITH CADUCOUS LEAVES 6g 



The wood which is obtained from this tree is very suitable for making 
vine-props, hoops, laths, forks, poles, etc. Small fagots are made with 
the slender sprigs, which are very useful in country places in the heating 
of furnaces and grates, as likewise in the burning of bricks, lime, and 
plaster. 

This wood produces a clear flame, though of practically no duration 
and heat. Of a reddish-white colour, it has a fine and serrated grain, and 
is easily worked up. Wooden shoes, planks for joinery, and carpenters' 
timber are produced from it. 

The bark (which is bitter and astringent) has been employed in sub- 
stitution of quinine. 





Fio. 76. 



Fig. 77. 



OsiEE-LiKE Willow, oe White Osier (Salix viininalis) (Fig. 77). 

Of short growth, this willow has very narrow, thin branches, clothed 
when young with a silky down, presenting linear, lanceolated, and slightly 
undulated leaves, green and glabrous on top, coated underneath with a 
silvery down. 

This species, common in France, provides excellent bands and first- 
class material for basket-work. 



Purple Willow, or Eed Osier {Salix picrptcrea) (Fig. 78). 

This grows upon the banks of rivers in soils of sandy alluvium, and 
greatly resembles the preceding variety, though its leaves are more 
narrow. Its branches being also very flexible, it is employed for the 
same purposes. 



70 



TIMBER 



Helix Pueple Willow {Salix helix) (Fig. 79). 

This last variety does not grow to a greater height than about 
10 ft. Its branches are thin and glabrous, furnished with leaves which 





Fig. 78. 



Fig. 79. 



are rarely alternate and lanceolate, being of a delicate green colour on 
top and glaucous underneath. 



SORBS. 

These trees belong to the Bosacem family. This genus includes 
four species, the two following of which are indigenous to France : — 



Mountain Ash {Sorius aucuparia) (Fig. 80). 

The leaves of this species are large, winged, dentated, and slightly 
pubescent. The flowers are white, numerous, and slightly odorous, being 
disposed in a large cluster at the top of the branches. Birds are very 
fond of the fruit, whence its name in French {Sorhier des oiseaux). 

The wood of the mountain ash is hard and whitish ; its grain is fine 
and serrated ; and it can be easily worked and well polished. It is in 
great demand by turners, and tool-handles are also made from it, but 
as it is not so common as the service-tree, the latter is preferred, the 
qualities of which are the same. 
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Seevice-Tree, or "Cormier" (Sorhus domestica) (Fig. 81). 

This tree may attain a height double that of the mountain ash. The 
leaves, formed of about fifteen oval and oblong folioles, are green on 
top, and velvety and whitish underneath. This tree grows naturally in 
France and in European forests. 





Fig. 80. 



Fig. 81. 



Its wood is of a fawn or reddish colour, slightly veined, very hard 
and compact, and of great solidity. The grain, which is very fine and 
serrated, allows of its being given a beautiful polish. It is in great 
demand by armourers, cabinetmakers, joiners, mechanics, and turners. 

Being highly esteemed for work which sustains great friction, it is 
principally useful in the making of teeth of wheels, as also those for 
mill-wheels, the mountings of planes and jointing-planes, screws of 
presses, etc. 

It is often substituted for boxwood for engraving. 



Elder-Tree (Samhicus). 

The Uack elder {Samhucus nigra) is the most interesting species. It 
is a large shrub belonging to the- Caprifoliacem family, the leaves of which 
are opposite, pinnate, lanceolate, and of a rather deep green colour. The 
flowers are small, white, and very numerous. 

The elder grows naturally in France and in a great part of Europe. 
It grows well in all kinds of soil, provided it be not too dry. 

It is used rather commonly for making hedges, which grow rapidly. 

The wood of the elder becomes rather hard with age, and good for 
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the lathe. It has the colour of boxwood, and is often substituted for 
it. Vine-props are made with four-year-old stems, the duration of which 
is rather great. In country places the branches of the elder are utilised 
as firewood. 

LIMES. 

These trees have given their name to the Tiliacem family. Their 
leaves are alternate, and the flowers disposed like a cluster. There are 
some ten species of lime-trees ; the most interesting of which are : 



Laege-Leayed oe Dutch Lime (Fig. 82). 

This tree may grow to a height of about 6 5 ft. Its trunk, clothed in 

a thick, cracked bark, acquires a 
very large diameter with age. 
The leaves, which are round, 
rather heart-shaped at the base 
and dentated round the edges, 
are of a beautiful green colour. 
The wood of this species is 
white, rather light, slightly hard, 
but very supple, worms attack- 
ing it only with difficulty. 
Joiners employ it extensively, 
as do likewise bushel-makers 
and coopers. It is also largely 

used by sculptors and wooden-shoe makers. Young lime-trees serve to 

make perches and props. 

The second bark, or liber, stripped from the young stems, is used 

for making cords, matting, bindings for sheafs, vines, etc. 




Fig. 82. 



Small-Leaf Lime (I'ilia microphylla). 

The leaves of this tree are half the size of those of the preceding. 
It is met with in France, Bohemia, and Eussia. 



SiLVEE Lime. 

This is distinguished by the white and serrated down which covers 
the lower part of the leaves. The flowers have an agreeable odour 
analogous to that of jonquil. It is found in the forests of Hungary and 
Turkey. 
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Tulip-Tree (Lyriodendrum tulipifera). 

Both in North and South America this tree attains a height of 
from about 100 ft. to 125 ft., with a diameter of about 3 ft. at 
the base. 

When this tree is young its bark is smooth and soft, afterwards 
becoming cracked and-thickening. The centre of the matured wood is 
lemon-yellow in colour. Finer and more compact than that of the 
poplar, its wood can be worked well and given a beautiful polish. 

Japanese Vaenish-Tree (Aylanthus glandidosa) (Fig. 83). 

This large tree is a native of Japan, and was introduced into France 
towards the year 1750. It grows rapidly, acquires great hardness, and 
is easily propagated. 




Fig. 83. 

As a rule, it grows well in all kinds of soil, though it prefers a fresh 
and light one. Its wood is solid, somewhat brittle, and is used by the 
joinery trade. It provides a good firewood, giving a bright flame and 
providing charcoal analogous to that of the elm. 

EUCALYPTUS. 

The Eucalyptus glohulus, of the Myrtacece family, is of Tasmanian* 
origin, as well as of the eastern portion of the province of Victoria 
(Australia), where it is known by the designation of Uue gum-tree. This 
species of tree was introduced into Algeria in 1857, since which time 
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plantations have been multiplied, and it is now found upon the whole of 
the littoral of the Mediterranean. It may grow to a height of about 
325 ft., with a diameter of about 33 ft. 

Its rapid growth, and the extraordinary development of the Eucalyptus 
globulus, make its cultivation very important. Generally, the wood of 
trees which grow rapidly is light and soft ; it changes promptly under 
the iniiuence of air and damp. It is not so, however, with the wood of 
the eucalyptus, which is heavy, hard, and very resistant to the action of 
air and water. Moreover, it is not liable to attack by insects. 

The great usefulness of the wood of the eucalyptus arises from these 
diverse qualities ; it presents the advantages of the wood of oak, and 
can even be substituted for " tawn " and teak wood. It is conse- 
quently largely employed in naval constructions. 

The majority of the steamers which travel between Australia and 
Europe are constructed with this wood. The renowned soundness of 
the whalers of Hobart Town is due to the employment of this wood. 

Eucalyptus plantations spread aromatic emanations through the 
atmosphere which are beneiicial to the health ; these emanations are due 
to an essential volatile oil, which is very abundant both in the leaves 
and in the bark. 

Eucalyptus essence is oxygenated ; it is formed primarily by eucalyptol. 
This product boils and distils at 170° C. ; it is slightly soluble in water, 
though very soluble in alcohol. 

Fatty and resinous bodies dissolve, easily in eucalyptol, which makes 
it very useful in the manufacture of varnish. 

The bark of the blue gum-tree contains both tannin and the 
aromatic principle of the leaves ; employed in the preparation of leathers, 
it transmits to them a very agreeable characteristic odour, their pre- 
servation being thus ameliorated. 

At the side of Eucalyptus globulus, another very useful species may 
be noticed, namely. Eucalyptus gigantea. This tree is likewise of very 
rapid growth ; its wood is very resistant, being three times more so than 
that of the oak of Eiga or Hungary. 

This tree grows to a height of about 325 ft. in the worst moun- 
tainous soil of Victoria. Its wood, which is hard and very easy to split, 
is useful in cooperage work, as well as for the making of laths, and a 
sort of wooden tile for the covering of houses. 

The usefulness and value of this tree consist especially in the 
abundance and quality of its fungo-fibrous bark, which serves as a very 
useful material in the manufacture of paper, bleaching very easily. 



CHAPTER VI. 

CONIFEROUS RESINOUS TREES. 

In this manner are designated a family of ligneous plants, composed of 
large, medium, and small trees, divided into several species, the common 
characberistic of which is that they are resinous. 

Almost all of them retain their leaves during winter, and for this 
reason they have been called evergreen trees or trees with persistent leaves. 

The wood of these trees is used in civil and military architectural 
work, and it cannot be replaced by any other variety. One very great 
advantage which this family possesses is the simple growth of the trees 
which compose it. The poorest soils suffice for them ; they even grow 
amongst rocks. 

America and Northern Europe are the countries where the conifers 
are most abundant. 

The most important varieties will now be noticed. 

Cedar of Lebanon {Cednis Lihani). 

This is the most celebrated and the most majestic of the conifers. 
It is met with on Mount Lebanon, and has never been found growing 
indigenously in any other part of the globe. 

Formerly it was very abundant in France ; by degrees it disap- 
peared, though numerous plantations of it were made both in France 
and elsewhere. 

It grows well in a siliceous soil, more dry than damp. 

Without speaking of the cedar of the " Jardin des Plantes," several 
celebrated cedars are cited, amongst others that of the ChS,teau de 
Vrigny, the dimensions of which are about 175 ft. in height and 6 J ft. 
in diameter. 

Common Cypress (Cupresstis sempervirens). 

This is a small pyramidal tree, a native of Greece. Its wood is 
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rather fine and more beautiful than that of the pine, but when it is 
worked with it spreads a very disagreeable odour. 



Common Juniper-Teee (Juniperus communis) (Fig. 84). 

This variety grows indigenously in France, but it is more often met 
in bad than in good soils. 

As the common juniper-tree never gets very large, its timber is 
usually employed as firewood in country places. 




FiQ. 84. 

In places where it grows into a small tree, it is made into clap- 
boards, for the making of buckets and other vessels, which last a long 
time, because its wood is incorruptible and of a very fine grain. 

Eastern Juniper {Juniperus excelsa). 

Differing from J. communis, this is a large pyramidal tree, native of 
the banks of the Caspian Sea. On account of its colour, density, and 
strength, its wood is very valuable. 

Virginian Juniper {Juniperus Virginia). 

This is commonly called Red or Virginian Cedar. The wood from it, 
which is of a reddish colour and odorous, is useful in the making of 
lead pencils. 

Yew {Taxus haccata) (Fig. 85). 

This tree is indigenous to the mountains of the south of Europe. 
Its growth is very slow, its height rarely exceeding about 33 ft. 



CONIFEROUS RESINOUS TREES 



77 



When it grows wild, it assumes a pyramidal form ; its leaves are 
very numerous, alternate, distic, linear, lanceolate, 
pointed, and of a very deep green colour. 

The trunk of the yew has white sapwood, not 
very thick, the middle of which is of a beautiful 
orange-red colour, tinted, and very hard and heavy. 
Being of a fine grain, it is incorruptible and takes 
a beautiful polish. It is largely employed in 
marquetry and lathe - work and for veneering 
furniture. The crossing of its fibres renders it 
also very adaptable for carriage-work and for all 
those uses where pliancy and durability are essential. 




Fig. 85. 



Lakch-Tree (Larix Eti7-opcea) (Fig. 86). 

This tree belongs to the flora of the Alps ; it is acclimatised with 
difficulty elsewhere. 




Fig. 86. 



The wood of the larch provides an ordinary firewood ; it is Ukewise 
very useful in the carpentry and joinery industries. Venetian pitch 
is produced from it, and a very good tan can be obtained from its bark. 



THE PINE (Pimis). 

This is the most useful, as likewise the most numerous, species of the 
coniferous family. The cold zones of the two hemispheres have immense 
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forests of it. Certain varieties reach a height of about 160 ft., others 
do not exceed about 16 ft. They all have filiform leaves. 

The fruit, which is called the cone, varies in size according to the 
particular species. 

Eosin or tar is produced, in larger or smaller quantity, from all the 
varieties of pine, and the wood (which is always very durable and 
adapted for building purposes) is the more esteemed because it comes 
from a variety of larger dimensions, and also on account of its having 
a finer grain and offering greater resistance to destructive agents. 



Sylvestee Pine {Pimts sylvestris) (Fig. 87). 

This tree loses its qualities in proportion as it is removed from the 
latitudes comprised between 50° and 60°. On the other hand, in these 
latter regions it multiplies rapidly. 

It is also found in the Alps, 
Pyrenees, Vosges, and the Auvergne 
Mountains. 

In order that this pine should attain 
its full height (which exceeds about 
100 ft.), it is necessary that it should 
grow in forests. Its stem then shoots 
up very straight, its bark remaining 
smooth and greyish. The ternate or 
quaternate branches then grow at in- 
creasing distances apart, and the wood 
of the trunk is better. The leaves are 
of a dark greyish-green colour, tough 
and very hard. The fruit is small, and 
shorter than the leaves. 

This tree does not appear to be able 
to attain all its dimensions in the plains of the south of France. It 
prospers in the Alps and Pyrenees, on account of the altitude. Granitic 
mountains are very suited to its growth, and it is the situation of the 
North which is the most favourable to it, 




Fig. 87. 



Scotch Fir {Pinus rubra). 

In Scotland large forests are formed of this tree. It also grows 
naturally in the Alps and Pyrenees. It is generally considered as a 
variety of the Sylvester pine, and serves the same purposes. 
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Aleppo Pine {Pimis halepinsis) (Fig. 88). 

This tree bears few leaves, but is rather elegant; the leaves are 
long and fine and of a glaucous green colour, two or three in the same 
sheath. It grows in Provence, Syria, and Barbary. 



Kernel Pine {Pinus pinea) (Fig. 89). 

The pinier, pig7wn, or parasol pine grows in Southern Europe, and is 
scarcely known in France. Its trunk is large, but the stem is hemi- 
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spherical and very wide. Its bark shows spiral striae, which is an indi- 
cation of the vigorous growth of the tree. 

The leaves are longer and of a more beautiful green than those of the 
forest pine, and its cones, which are as large as the fist, contain kernels 
which are good to eat. 



Maritime Pine {Firms maritima) (Fig. 90). 

This pine grows abundantly on the moors of Gascony and upon the 
littoral of the Mediterranean. Its vegetation is very pretty; it has 
numerous very long and large leaves, the colour of which is bright green. 
Its cones are likewise wide and long. 

The trunk of this tree is never quite straight, and this defect, added 
to the inferior quality of the timber, renders it unfit for masts. 
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As a set-off to this, however, this tree provides plenty of timber for 
carpentry and firewood ; moreover, a large quantity of tar is extracted 
from it. 

COESICAN Pine (Pinus laricio) (Fig. 91). 

This is a magnificent tree, excelling the forest pine in size and height) 
the whole of it being also straight. The leaves are longer, and its fruit 
is larger and longer. Like the forest pine, excellent masts can be made 
from it, .though it has plenty of sapwood, which rots easily. This not- 
withstanding, the timber from it is largely used in carpenters' work 
of large dimensions. 





Fig. 90. 



Fio. 91. 



CiMBRiAN Pine (Fimis cimhra). 

This variety is met with~ in the Alps and upon the mountains of 
Savoy ; it is also found in Siberia, always being very small. The seeds, 
which are as large as peas, are edible. 

The wood from this tree is employed in buildings and also by 
sculptors. The Tyrolean mountaineers make whips from it. 



AuSTEALiAN PiNE (Pinus Australis). 

This valuable tree is seen uninterruptedly in the lower portions of 
Carolina, Georgia, and Florida, upon a wide stretch of ground. The 
average height of it is about 80 ft. Its leaves, which are of a beautiful 
brilliant green colour, are very long. 
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The timber of this pine contains but little sapwood. The resinous 
matter, which it contains in large quantity, distributed between layers of 
wood more regularly than in the other descriptions, renders it stronger, 
more compact, and denser. It will take a brilliant polish. This diversity 
of qualities makes it preferable to the other species of pine. 

A considerable quantity of it is exported to India and Europe. ' 
The resin of this tree is the more abundant as the soil upon which it 
grows is more or less of a sandy nature. 

Pitch Pine {Pinus rigida). 

This variety is met with upon the littoral of the Atlantic. Light, 
tractable, and sandy soil is especially suited to its growth. Upon 
gravelly and sandy soils the timber of this tree is compact, heavy, and 
contains a large amount of resin. 

It is employed for a variety ojE purposes, and has been for some time 
in demand for the building of Swiss cottages and light furniture. 



" LoED Weymouth" Pine {Pinus strobus) (Fig. 92). 

This is a very beautiful -tree, but is very sensitive to cold and heat. 
It accommodates itself to all descriptions of soil. Its timber, suitable for 
numerous purposes, is largely employed in shipbuilding. 





Fig. 92. 



Fig. 93. 



Common or Yew-Leaf Fir-Tree (Abies taxifolia) (Fig. 93). 

This fir-tree grows naturally upon the lofty mountains of the north 
of Europe, where it forms vast forests. It is less known in France, and 
6 
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is a beautiful pyramidal tree, quite straight, the branches of which 
arranged in rows, extend horizontally. 

The fruit is almost cylindrical, and always clings together vertically 
like that of the cedar. 

A fir fifty years old may have attained a height of about 130 ft. 
Its bark is always smooth, and at a certain age large bubbles full of 
turpentine are formed under its epidermis. 

The wood of the fir is very resilient, and as it is very light, these 
two qualities make it very suitable for the manufacture of musical 
instruments. It is largely used in shipbuilding, as well as in the 
joinery industry. Its bark serves to tan leather, and the leaves are 
often used as fodder for sheep. 

Pitch Pine Fir (Alies picea). 

The north of Europe, the Alps, and the Vosges contain large 
quantities of this tree, which is pyramidal and of rapid growth. The 
trunk of it is very straight, and the branches are very short and ramified. 
The leaves are numerous, thin, short, pointed, and of a dark green 
colour. 

The timber of this tree has the qualities of that of the common fir. 
Eosin is drawn from it by incision. 

White Fie (AMes alba). 

This fir belongs to the coldest regions of America and Canada. It 
receives its name from its leaves, which are of a very pale greenish 
colour. 

The root-fibres, when macerated in water, are both flexible and solid ; 
stripped of their pellicles, the Canadians employ them for joining the 
barks, of which they form their boats. 

The bark provides a ra,ther good tan. 

Black Fik (AUes nigra). 

Thick forests of this tree are met with in every country comprised 
between a latitude of 45° and 55° by 55° to 75" longitude. 

This tree grows very high, and the top of it presents a beautiful, 
regular pyramid. 

Strength, lightness, and elasticity are the principal qualities of its 
timber ; it provides excellent masts, and especially the best yards. It is 
often employed for shipbuilding in general, often in substitiition of 
oak. A bitter beverage, which is considered a very good preventive of 
scurvy, is made with its young branches. 



PAET III. 

DIVISION OF THE USEFUL VARIETIES OF 
TIMBER IN THE DIFFERENT COUNTRIES 
OF THE WORLD. 



CHAPTEE VII. 

EUKOPEAN TIMBER. 

Three large botanical regions are to be distinguished in Europe. 

The Northern Begion includes Lapland, Iceland, and the provinces of 
the north of Sweden, Norway, and Eussia. In this cold part the woody 
varieties form but a hundredth portion of all the plants that are found 
there. The trees are principally represented by the conifers and 
amentaceous plants. 

As a rule, the oak, nut-tree, and poplar stop at the sixtieth degree of 
latitude, the ash at the sixty-first, the beech and the lime at the sixty- 
third, and the conifers at the sixty-seventh. 

M. Charles Martins says that at Drontheim the commonest, trees 
in the gardens are the mountain-ash and lilac. He noticed four oaks 
which appeared to sutfer from the cold. 

The ash is a more robust tree, but in Sweden it does not grow to 
such dimensions as the oak ; this savant also noticed ash-trees at a lati- 
tude of "61°. The lime can live at Drontheim like the balm- tree, poplar, 
and horse-chestnut tree. All the fruit trees can only be cultivated as 
espaliers. In the neighbourhood of Drontheim clusters of alders, birches, 
and firs, mixed with ash-trees, maples, aspens, cherry-trees in clusters, 
nut-trees, juniper- trees, and willows, crown the higher ground. 

The Middle Region of Europe comprehends all the countries which 
form the provinces of the South of Eussia, Germany, Holland, Belgium, 
Switzerland, the Tyrol, the .British Isles, Upper Italy, and the greatest 
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part of France. In this region forests are formed by the following 
varieties : — The Common Oak, or Quercus robur, to which are contiguous 
the Chestnut-tree, Beech, Birch, Elm, Yoke-elm, Alder, etc. The oak 
dominates. 

In the Southern Begion, formed by the littoral of the Mediterranean, the 
Kermes Oak and the Evergreen Oak are met with. Besides groves of 
odorous Myrtles' of Strawberry-trees, magnificent Oleanders are found on 
the seashore. 

In Italy, Sicily, and Spain the Orange-tree blossoms and becomes 
covered with fruit. The forests there are formed essentially by the 
Evergreen Oak {Quercus ilex), Cork-tree {Quereus suber), to which are 
mixed characteristic shrubs, like the Erica arborea, Cythises, Odorous 
Broom, etc. 

Among the characteristic varieties of these countries may be cited : 
The Cypress, Kernel Pines, Aleppo Pines, Laricio Pines, Platanes, and 
especially the Olive, Lentisk, Carob-tree, Pomegranate, and the Pistachio. 

Over a large part of the southern shores of Sicily one variety of 
palm-tree only (the Chammrops humilis) is met with, accompanied by 
Orange and Lemon-trees. 

FRANCE. 

Although France has still more than 22i million acres of woods and 
forests, or the sixth part of its territory and the twenty-seventh part of 
the total area of the forests of Europe, yet that is far from sufficient for 
the production of timber. 

France provides scarcely a third of the quantity which she requires, 
and almost all the wood for building purposes comes from other countries, 
at the cost of more than four million pounds per annum. 

The area of ground which it would be useful to replant with trees 
is estimated at about 2,750,000 acres. But whatever zeal is brought to 
this work of restoration, whatever the direct advantages of replanting for 
the cultivator, as in the plantation of truffle-oaks, it would take at least a 
century of well-directed efforts before all the desired results would be 
obtained. 

It is after this lapse of time that the valuable varieties, especially the 
oaks, would succeed the resinous ones of rapid growth, which are used for 
the early covering of ravine slopes. 

The annual French production exceeds 40 million steres, made up 
thus : three-sixths by the region of the north-east, two-sixths by the 
south-east and north-west, and one-sixth by the south-west. 
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The annual consumption amounts to 6 million steres. An enormous 
deficit therefore arises, which compels France to have recourse prin- 
cipally to Norway, Russia, and America. 




Fig. 94.— Cutting of a Trunk of Maple. 



Fig. 95. — Cutting of a Trunk of Oak. 



In whatever climatic region one places himself, it will be observed 
that the French forests are composed of one or several dominating 
varieties, in the midst of which other isolated species are met with which 
never form compact groups. 




Fig. 96.— Cutting of a Stem of Fir. 
Hence two categories : on the one hand, the species susceptible of 
furnishing a group constituting a forest, and on the other, the isolated 
varieties, more or less numerous, according to circumstances, but 
incapable of living and perpetuating in groups, 
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Thus, in the warm region, the varieties which compose the large 
groups are the Aleppo Pine, Maritime Pine, the Evergreen Oak or Yeuse, 
and the Gorlc-tree. 

In the mild region are found the English and Pedunculated Oaks, 
Chestnut-tree, Yoke-elm, Sylvester and Laricio Pines, Beech, and Fir. 

In the cold region we meet with the Beech, Hooked Pine, the Fir, 
Pitch Pine, and the Larch. 




Fig. 97.— Horse-OhestnutTree. 

And last, in the very cold region the Larch. kwA Ccmbrian Pine. 

All the other varieties of the forest vegetate in their respective 
regions only in the state of secondary varieties, disseminated according to 
certain local circumstances in the midst of large groups, presenting numer- 
ically only a very small proportion relatively to the dominating species. 

The forests which cover French soil are divided into three categories : 

(1) Demesnial Forests. 

(2) Forests of Parishes and Public Establishments. 
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(3) Private Forests. 

The first cover a superficial area of about 3,750,000 acres, the 
second 6,250,000 acres, and the third cover about 13,750,000 acres. 
In France timber is divided into five classes, namely — 

(1) Hard wood. 

(2) White wood. 

(3) Resinous wood. 

(4) Fine wood. 

(5) Cabinetmaking wood. 

The first class includes the Oak., Elm, Beech, Ash, Yoke-elm, Chestnut- 
tree, Sycamore, Acacia, Maple, and Plane. 

The second class comprehends the Birch, Alder, Poplar, Aspen, 
Willow, Horse-chestnut, and the Lime. 

In the third class resinous timber is ranged, namely, the Pine, Fir, 
Larch, Cypress, and the Yew. 

Fine timber is represented in France by the Wild Cherry-tree, 
Mountain Ash, L>og-Be7-ry-tree, Pear-tree, Apple-tree, Strawberry-tree, Plum- 
tree, Service-tree, Medlar-tree, etc. 

And lastly, the fifth class borrows some varieties from the first and 
fourth classes, including, besides, the Acacia, Box-tree, Nut-tree, Apricot- 
tree, and Almond-tree. 

This general sketch of the richness of French forests may be terminated 
by giving the complete account, in groups, of the woody varieties 
which are most abundantly spread in the valleys of the French Alps. 
These are : 

AbIETINEjE. 

Pinus cembra (Oemhrian Pine). 

This is met with in a disseminated state in forests of larch-trees and 
hooked pines, often along with the fir and pitch pine. 

It is a tree of great height, called upon to render great service in 
the planting with trees land once occupied by forests. 

Pinus sylvestris (Sylvester Pine). 

It only forms pure groups upon lower declivities — upon those, for 
example, which belong to the Oxfordian stratum. It is almost always 
cultivated by plantation. 

Pinus uncinata (Hooked Pine). 

This is usually met with in the midst of the pines on the fringe of 
the forest and in the lower and medium zones of the larch. 

Larix Europaea (Larch). 

This tree constitutes immense forests, from the bottom of high 
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valleys, where it is mixed with the forest pine, to great altitudes, where it 
is only exceeded in number by the cembrian pine. 

In the intermediary zone it covers large tracts, often alone and often 
also accompanied by the pitch-tree, the fir, and the hooked pine. It 
vegetates in all kinds of soil, even amongst the most arid rocks. It is 
largely employed for replanting purposes. 

Abies excelsa {Common Pitch Pine). 

This species is found in company with the forest pine and larch, some- 
times in isolated numbers, at others in more or less bushy clusters. 

It constitutes in itself important groups, and is abundantly spread 
upon the lower sides of mountains, but becomes very rare upon higher 
declivities. 

Abies pectinata (Pedinal Fir). 

This is found in most forests, above the zone of the forest pine, most 
usually in a disseminated condition. It is not employed much. 

ACEKINBiE. 

Acer pseudo-platanus (Sycamore Maple). 

This is generally employed on the Alps, upon the alluvium of weirs. 

Acer opulifolium (Maple, with Laburnum Leaves). 

This tree is rather widely spread, capable of being used in lower 
dry soil and principally in black earth. 

Acer campestre (Sylvan Maple). 

This tree forms copses in every situation ; it is valuable for the 
replanting of trees in black soil. 

Amygdale^. 

Prunus brigantiaca (Priangon Plum-tree). 

This is a shrub, being generally found in hedges disseminated in the 
middle of meadows in high valleys. 
It is used for replanting dry slopes. 
Prunus spinosa (Thorny Plum-tree). 
This is common in hedges. 
Cerasus avium ( Wild Gherry-tree). 

This is met with in woods and meadow-woods of lower declivities. 
Cerasus padus (Cluster Cherry-tree). 
Very common in hedges and wooded dales, 
Cerasus mahaleb (St. Lucia Wood). 
This is met with on stony slopes. 



EUROPEAN TIMBER 89 

BETULACEiE. 

Alnus incana (White Alder). 

This tree lines the borders of streams, and follows them in all their 
windings. It is very useful for the leplanting with trees of ravines. 
Betula alba (Common Birch). 
This is disseminated here and there in damp woods. 

Celasteine^. 

Euonymus Europasus (European Prickwood). 

This forms the coppices and hedges of the low mountains. 

COENEiE. 

Cornus sanguinea (Sangidneous Dog-Bcrry-trcc). 
This tree only constitutes lower woods, thickets, and hedges. It is 
not largely employed. 

CUPULIFEEE^. 

Quercus sessilifloxa (White Oak). 

Mixed with other species, this oak forms poor coppices upon the 
lower declivities of mountains. 

Fagus sylvatica (Cojnmon Beech). 

This variety is met with near Bareelonnette, in the resinous forests, 
disseminated in the midst of rocks. 

Oleace/e. 

Fraxinus excelsior (Common Ash). 

This tree is found in woods and meadow-woods upon banks of 
stretches of water, in ravines. It is a very valuable variety, on" account 
of the provender which its leaves furnish and also of its timber. 

Ligustrum vulgare (Common Privet). 

This is found in lower woods and hedges. 

Papilionaceje. 

Cytisus Alpinus (Cytisus of the Alps). 

This forms forests in the high mountains, very advantageously 
employed at great altitudes. 

Cytisus sessilifolius (Cytisus with Sessile Leaves). 

This is found in the coppices and pine woods of the low mountains 
upon loose earth'and in black soil. 
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Pomaces. 

Thorny Hawthorn ^(Cratcegus oxyacantha). 
Berry Hawthorn (Crataegus monogyna). 

These are two varieties which grow in inferior woods. They are 
employed the same as the briar, 




A^ri. -rr-^e^S 



Fig. 98.— Lime. 

Service-tree of the woods (Sorhis terminalis). 
This wood is rather rare and but little used. 
White Service-tree (Sorlus aria). 

This is found in mountainous forests and meadow-woods, and is, like 
the foregoing, but little used. 
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Crab Apple-tree (Mains acerba). 
This is uncommon. 
Mountain Ash (Sorhus aucuparia). 

Mountainous woods, meadow-woods, and crevasses of rocks contain 
this plentifully, even to the greatest altitudes. 

Salicace^. 

Yellow Osier (Salix vitellina). 

This is a variety of the white willow, very frequent along water- 
courses, being largely employed in the making of faggots and wicker- 
work. 

Red Osier ; Purple Willow {Salix purpurea). 

This is very common in hedges and along streams, and even at great 
altitudes. It is also found in small ravines. Like the preceding, it is 
largely employed in faggots and wicker-work. 

White Poplar {Populus alba). 

This is but little used, and is rarely met with. 

Black Poplar {Populus nigra). 

This is very common along the banks of streams, even in the medium 
zone. 

Aspen Poplar {Populus trcimda). 

This tree often forms woods entirely by itself. It is found alike in 
inferior woods, in the centre of meadows, and in clusters of scattered trees. 

Marcescent Willow {Salix caprcea). 

But little diffused, and is only met with in woods and forests which 
are in fresh situations. 

TlLIACE^. 

Large-leafed Lime {Tilia platyphylla). 

This is uncommon, growing better in coppices and fresh soil; it is 
employed upon the alluvium in cool ravines. 



AUSTRIA-HUNGAEY. 

Forests and woods figure prominently amongst the natural wealth of 
Austria-Hungary, and the groups of trees which are found accumulated 
there greatly exceed the requirements of this empire. 

Not only their variety in species and varieties, but also their 
moderate price, ensure the products of the forests of Austria-Hungary 
against European rivalry. 



92 



TIMBER 



The Adriatic Sea, the Vistula, Elbe, Danube, and other rivers and 
streams emptying themselves into the Black Sea facilitate the exporta- 
tion by this country of timber of every variety and description. 

These advantages have given a development to the exportation of 
timber of Austria-Hungary which continues to increase. 

The principal centres of production are : — In the south : Croatia, 
Sclavonia, the provinces of lUyria, and Tyrol; in the west: Galicia, 
Cracow, and Bukhovine ; in the north-west : Silesia and Bohemia. This 
last country is the least wooded. There the forests represent from 25 
to 30 per cent, of the superficial area of the country. A much larger 
proportion exists for Croatia and Sclavonia, where forests occupy 47 per 
cent, of the territory. 

The principal exported timber is : 

White Oak (Quercus alba). 

Black Oak (Quercus nigra). 

Fir (Abies pectinata). 

Pitch (Abies excelsa). 

Larch (Larix Europma). 

Austrian Pine (Pinus Austriaca). 

Sylvester Pine (Pinus sylvestris). 

Beech (Fagus sylvatica). 

Ash (Fraxinus excelsior). 

Illyria furnishes the most beautiful quality of oak, Quercus puhescens. 

In Tyrol the most valuable larch grows, as well as the pitch pine, 
which is largely employed in sounding-boards. The most esteemed 
comes from Paneveggio Forest. 

The most beautiful forest pines are met with in Galicia and 
Bukhovine. 

The sale prices of the different Austro-Hungarian timber may be 
established upon the following averages : — 



Shipbuilding Timber. 





The Ddcisteie. 


Black oak 


Is. 8d. 


Elm . 


Is. 3d. 


Ash . 


Is. 5id. 


Fir 


. from Is. 8d. to 2s. 6d. 


Pitch . 


from lOd. to 2s. 6d. 




Wood Gleftfor Casks. 


Oak . 


Is. Od. 


Maple . 


lOd. 


Beech . 


7id 
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Ordinary Carpenters' and Uncleft Wood. 

The Ddcistere. 
Oak, pine, and larch. ....... 8d. 

Pitch pine, ash, maple, and chestnut-tree . . . 7|^d. 

Fir 7-i-d. 

Beech, yoke-elm, acacias, and lime .... 4jd. 

Birch, poplar, and willow . . 4d. 

The Stire. 
Beech, yoke-elm, and maple .... Is. 3d. 

Oak, elm, and birch . . . . . . Is. 3d. 

Pitch, fir, and lime ....... 8d. 

SPAIN. 

The forests of Portugal and Spain, which present the greatest 
analogy to each other, contain a vast number of varieties, the regular 
cultivation of which is organised with great difficulty, for the efforts of 
men of science to improve the condition and to secure the > preservation 
of forests, so useful to Spain, are often miscarried, in the face of civil 
discords and the penury of the public treasury. 

Nevertheless, we may cite, amongst the woods cultivated in the 
kingdom, the ashes, pistachios, platanes, elms, willows, olives, almond- 
trees, lemon-trees, sumac, nettle-trees, different varieties of oaks, and 
especially the cork-tree. 

Spain provides a large portion of the cork consumed in the world. 
It exports it to France, England, Belgium, Italy, Austria, Switzerland, 
Russia, Egypt, United States, Canada, Central and Southern America, 
India, Japan, and China. 

In 1886 the exportation of cork from Spain was 1,200,000 
thousands of corks, of a value of £920,000. The importation into 
France is, unfortunately, four times as large as that from Algeria. 

Almost all the Catalonian cork is employed in ordinary corks, and 
a large portion in corks for champagne bottles, which are the dearest, 
and are distinguished by their fineness, elasticity, and durability. 

In the inferior productions Spain makes corks which are only worth 
tenpence a thousand. 

The surface occupied by forests of cork-trees in Spain amounts to 
about 1,375,000 acres. 

GRAND DUCHY OF LUXEMBOURG?. 

From time immemorial this country has been one of the most thickly 
wooded of Europe. Its soil was formerly covered by the Ardennes 
Forest, la forit profonde, one of the most remarkable by its extent 
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of all those known in antiquity. This forest, however, did not form a 
continuous group, but included glades, cultivated or inhabited by 
aboriginal tribes. 

Since then, however, this country has suffered the fate of all the 
others, and immense clearings away have taken place. 

In 1830 two-fifths of the superficial area of the Grand Duchy were 
still wooded, 252,500 acres of forests being then reckoned on. In 1888 
this figure dropped to 195,000 acres. 

Actually, therefore, the extent of the forests represents less than the 
third of the total surface of the country, which places it in Europe in the 
ninth rank. 

The wooded properties are natural plantings composed of a small 
number of leafy varieties, amongst which may be mentioned the beech, 
pedunculated oak, English oak, and yoke-elm ; then follow the sylvan 
maples and sycamore, aspen, birch, ashes, wild cherry-tree, and alder, 
which are only met with in scattered groups. 

The resinous varieties found there are of recent introduction, classed 
according to their importance, as follows : forest pine, pitch, larch, and fir. 

The forests of the Grand Duchy were already, in early historic times, 
stocked with beech-trees, oaks, hazel-trees, and thorns, without evergreen 
trees. The first conifer introduced into forest culture was the fir of the 
Vosges. At Inckelsbusch it was found about 130 years old. 

The pitch-pine came afterwards. In 1772 it was introduced into a 
manorial wood of Bissen, along with the Sylvester pine and the fir of the 
Vosges. 

To-day the principal products of the forests are : 

Ordinary Cuttings. 





Annual Average. 


Clearing cuttings (hectares) 


1,230 


Timber. Trees, uncleft (number) 


29,000 


Firewood (number of stores) 


57,000 


Firewood. Fagots and piles reduced to fagots 


1,350,000 


Barks (quintals) ...... 


4,800 


Extraordinary Cuttings. 




Clearing cuttings (hectares) 


70 


Timber. Trees, uncleft (number) 


4,700 


Firewood (number of steres) 


5,000 


Barks (quintals) 

• 


490 


Clearing Cuttings. 




Clearing cuttings (hectares) .... 


60 


Timber. Trees, uncleft (number) 


20 


Firewood. Fagots ..... 


430,000 
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The money value of all of these products represents an annual 
average of about forty thousand pounds. 



ITALY. 



The resources of the forests of Italy are still very important, though, 
instead of increasing, they are on the down-grade. 

Although the trees of the North may still have numerous representa- 
tives in Italy, especially upon the elevated slopes shaded by the oaks and 




Fl&. 99.— Italian Pine. 



pines, the olive-tree — that representative typical of the vegetation in the 
warm, temperate zone — ^is the dominating variety in the rich forests of 
this country. 

There still exist in the Apennines and upon the slopes of the Alps 
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important groups of beech-trees, pines, and chestnut-trees, in the ancient 
Lombardo-Venetian kingdom. 

The fir-coned pines form a magnificent forest of 12,500 acres in the 
neighbourhood of Eavenna, and are very valuable. 

Tuscany contains very beautiful forests of oaks, principally cultivated 
by the English. 

In Sardinia magnificent oaks are cultivated, which are greatly in 
demand by the navy. Indeed, the island annually furnishes more than 
three million kilogrammes of large timber, destined for the building of 
ships. The famous chestnut-tree of Etna may be mentioned, which is 
more than four thousand years old, measuring 60 metres in circumfer- 
ence, and which can shelter more than a hundred horses under its 
immense foliage. 

GREAT BRITAIN. 

In this country, which was formerly nothing more than an immense 
forest, it is estimated that only the twenty-fifth portion of its territory is 
covered by woods, but replantation is being actively carried on, and 
young forests are in the majority there. 

Highly-esteemed old oaks are still to be found in rather large 
quantities, which are used in naval constructions, in spite of the remark- 
able facilities which England finds of supplying itself with exotic timber 
of superior quality. 

NORWAY. 

The quality and cheapness of Norwegian timber finds markets for 
it over the entire surface of the globe. 

About a third of the timber for building purposes which is imported 
into France comes from Norway. 

There is every reason to believe that in former times about half of 
the superficial area of this country was wooded ; at the present time, 
however, the total surface of Norwegian forests can scarcely be estimated 
at a quarter of the extent of the country. 

There are several causes contributing to this decrease in the wooded 
surface. 

In the first place, there is the clearing of the land of trees, in order 

to obtain arable land and meadows. It may also be added that the 

consumption of the products of forests has increased considerably by 

reason of the constant growth of the population, and also that, as in 

7 
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many other countries, forests have often been abused without discretion 
and principle. In addition to these permanent causes, great fires have 
contributed in a disastrous manner to the denuding of the land of trees. 

In elevated countries it has also been noticed that mountains 
become devoid of trees on the top, in consequence of the widespread and 
often necessary usage of having summer cottages upon the high plateaux. 

According to the most recent data, the extent of the forests of 
Norway is equal to a little more than a quarter of the total superficial 
area. The most thickly-wooded countries are the prefectures of Akershus, 
Smaalenene, and Jarlsberg ; those which are the most destitute of forests 
are the prefectures of Finmarken, Tromsoe, and Stavanger. 

About 80 per cent, of the total surface of forests are in the hands of 
private individuals. 

The forests, so-called, consist principally of the pine (Pinus sylvestris) 
and fir {Abies excelsa). In some places one or other of these varieties 
grows alone to the exclusion of the other trees ; in others the forests are 
mixed. 

The pine, though not as common as formerly, is, however, met 
with everywhere, and in Finmark there are continuous large forests 
composed exclusively of pines. 

At 60° of latitude north, the pine grows to 3250 ft. above the 
•level of the sea, and at 61° up to about 3085 ft. In the Nordre 
Gudbrandsdal, the most central district of Norway, it is found at 
2925 ft. 

Farther north the limit of growth of the pine is lower, and at 70° 
it attains but little more than 650 ft. above the level of the sea. 

The fir, which some people consider as only being of later introduc- 
tion into Norway, grows principally in Eastern countries, where it forms, 
either alone or with the pine, immense forests, stretching in general 
the length of long water-courses. Upon the western side it is but rarely 
met with in a native state at the south of the sixty-second degree of 
latitude. From the sixty-third to the sixty-fifth it is, however, also 
found in islands. Farther north it becom,es more and more rare, and at 
the height of the polar circle it ceases to form forests. In the east of 
Finmark, by 69°, it is still met with, though isolated. 

The limit of vegetation of the fir is, as a general rule, from 260 to 
325 ft. less elevated than that of the pine. 

The pine and fir rarely attain in Norway more than about 100 ft. 
in height ; their growth varies greatly, moreover, from one place to 
another. 

In the south of the country a pine of 75 to 100 years old may 
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furnish carpenters' timber from about 23 ft. in length, and from about 
8 in. in diameter as a minimum. In propitious conditions the fir is 
fit for felling at the age of 70 to 80 years. But as a rule the pine is 
not ready for felling until about 150 years old; and even in a number 
of places neither the pine nor the fir attain the desired dimensions before 
the age of 200 years. 

It is principally the pine and fir which contribute to the consumption 
of the country the wood for building purposes and as fuel, as well as to 
the enormous exportation of Norwegian timber, which is in such demand 
on account of its beautiful qualities. The constantly increasing employ- 
ment which has been made, in the last few years, of the Norwegian fir for 
the manufacture of mechanical and chemical wood pulps for paper-making 
may also be mentioned — an employment to which it is particularly 
adapted on account of the small amount of resin which it contains. 

The roots of the pine are employed in certain places in the manu- 
facture of tar, but there is not even enough of it to supply the 
requirements of the country. Almost everywhere tan is made with the 
bark of the fir. 

With regard to other conifers, Norway produces in the wild state 
the juniper-tree (Junipems communis) and the yew-tree {Taxus haccata), 
but these are without importance as regards forest cultivation. 

The forests of pines and firs occupy together about 75 per cent, 
of the total wooded surface. 

The trees with caducous leaves are principally the birch (Betula), 
two species of which are come across in Norway : the birch of the 
valleys, or white birch, and the birch of the mountains. 

The first is common in the countries of the south, and is found there 
even up to altitudes of 1625 ft. above the level of the sea. 

The second abounds principally in Finmark, where it occupies about 
90 per cent, of the total surface of the forests of this country. In 
the south, up to 62°, the limit of vegetation of the birch rises to 
2575 f t. ; in the east of Finmark to about 650 ft. above the level of 
the sea. The birch may attain a height of from 65 to about 81 ft., 
with a diameter of about 5 ft. breast-high. 

In Norway the birch is principally employed as firewood. It is also 
useful in the making of various household utensils and staves ; its first 
white bark is employed in a number of usages, especially in the covering 
of country houses. 

There are still in Norway other trees with caducous leaves which 
are more or less distributed ; amongst others, the aspen, largely employed 
in the manufacture of matches ; about twenty varieties of willows and 
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osiers, two species of alders, then the elm and chestnut-tree. The limit 
of vegetation of the osier rises to 4875 ft. above the level of the sea. 

Of still less importance and less widely spread are the ash, plane, 
and lime. 

In the woods of the southern coast, and also in part along the 
western coast, the pedunculated oak ; and, more rarely, the English oak 
are met with. As a matter of fact, the oak is generally felled and 
barked for the production of tan, rather large quantities of which are 
exported each year. From 1875 to 1885 the average annual exporta- 
tion of this product rose to 465,000 kilogs. 

A certain quantity of staves is also made in oak wood, though this 
species of timber is but little used in marine construction. 

The annual consumption of timber from the forests of the country 
is divided as follows, according to the use to whioh it is put : — 



Household requirements and cultivation of land 
Firewood and for building purposes in towns 
Building timber for vessels and boats . . 
Working of mines and works .... 
Eailways, telegraphs, bridges, etc. . 

Total 



Cubic Metres. 

10,000,000 

1,530,000 

200,000 

350,000 

20,000 

12,100,000 



By adding to this the annual figure of the exportation of wood and 
of wood pulp, which was, in 1885, 2,200,000 cubic metres, the total 
figure of the production of timber of the country is obtained, namely, 
14,300,000 cubic metres. 

The felling of forests is done principally in winter — from the month 
of October. The wood sold is then taken to the nearest navigable 
river ; it is there- marked with the buyer's axe, and in the spring, 
upon the thawing of the snow, it is borne to its destination by the 
freshet. 

The production of worked wood has taken, in the last few years, a 
considerable development ; the greatest portion of exported timber is 
previously sawed and planed ; carpenters' goods (such as doors, windows, 
etc.) are also made from it. 

According to ancient documents, the exportation of timber from 
Norway originated before the twelfth century. But it is especially since 
the epoch when the exploitation of the natural riches of the country 
passed from the hands of the Hanseates into those of the Dutch that 
the exportation of the timber from Norway took a great extension. 

By reason of the small number of vessels which, at this period, still 
composed the mercantile fleet of the country, the Norwegians scarcely 
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participated in the transportation of the timber. The Dutch came with 
their ships, principally to the shore between Christiansand and Dram- 
men, in order to load the timber which they transported into Holland 
in the form of beams. 

The timber trade became in general for this part of the country 
what the fisheries were for the west of Norway — the principal source of 
wealth. It was the more flourishing, as, at its commencement, it could 
be practised with freedom. Towards 1805 this commerce attained 
wonderful prosperity. 

The following table shows the value, in francs, of the exportations of 
Norwe^gian timber during the years 1876, 1883, and 1887 : — 





1876. 


1883. 


1887. 




Francs. 


Francs. 


Francs. 


Planed timber . 


16,700,000 


23,200,000 


17,300,000 


Sawed timber 


19,800,000 


15,600,000 


11,900,000 


Squared timber . 


4,200,000 


2,100,000 


1,500,000 


Timber of mines . 


6,300,000 


7,300,000 


5,000,000 


Staves and chests 


2,300,000 


2,700,000 


2,100,000 


Wood for burning 


800,000 


900,000 


1,000,000 


Total exportation . 


50,100,000 


51,800,000 


38,800,000 



In conclusion, it may be said, as to the geographical distribution of 
the exportation of timber from Norway, that during the year 1887 
England received sixty-three hundredths of the whole production. Prance 
nine hundredths, Belgium seven hundredths, Holland six, Germany four, 
Australia three, Denmark two, Sweden one, Spain one, and other 
countries four hundredths. 

PORTUGAL. 

This country presents the same flora and distribution of forest 
species as Spain. 

In the low region are found — Celtis Australis, Oitrus aurantium, 
Cupressus glauca, Morus alba, Laurus nobilis, Olea Europma, Pinus pinaster, 
Pinus pinea, Quercus ilex, and Quercus suber. 

In the mountainous region — Acer campestre, Buxus sempervirens, 
Castanea vesca, Fagus sylvatica, Quercus Lusitanica, Quercus tozza, Betula 
alba, and Juniperus communis. 

The varieties which dominate in the south and centre are the 
maritime and kernel pine. This cultivation has been developed upon 
the seashore to protect the beach after the French method, giving 
very good results. 

The forests of cork-trees also play an important rdle in Portugal. 
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ROUMANIA. 

Eoumania must be classed amongst the most thickly wooded countries 
of Europe, its forests covering an area of 5,000,000 acres, about half of 
which belong to the State. 

The mountainous districts are the most thickly wooded. The wooded 




surface diminishes in proportion as one advances towards the Danube, 
where forests are rather rare. 

From the point of view of the distribution of forests Eoumania may 
be divided into three regions : 
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(1) The region of the high mountains, which can be limited to the 
most elevated summits of the Carpathians. The fir, larch, pine, dwarf 
juniper, and birch are found there almost exclusively. The yew is met 
with upon the high moimtains of small Wallachia and Western Moldavia. 
There the forests cover twenty-five hundredths of the superficial area. 

(2) The hilly region, where one meets especially the beech, which 
covers enormous surfaces, then the birch, ash, English oak, maple, 
cherry-tree, and mountain ash. The pear-tree, apple-tree, medlar-tree, 
walnut-tree, hazel-tree, and in certain forests of smaller Wallachia the 
chestnut-tree, thrive there in a wild condition. In this region forests 
cover twenty-seven hundredths of the surface. 

(3) The region of the plains, in which the evergreen oak, tauzine oak, 
Quercus cerris, sylvan maple, platane maple, sycamore maple, yoke-elm, 
elm, ash, lime, nut-tree, dog-berry-tree, sloe-tree, acacia, and the spindle- 
tree. In the islands of the Danube and the low plains upon the sides 
of rivers and ponds, various species of willows, poplars, alders, aspens, 
tamarinds, and other shrubs are found. 

There are few forests which can be submitted to regular manage- 
ment. The modes of cultivation most used are jardinage and universal 
felling, leaving some reserves. Upon the high mountains regular cultiva- 
tion is hardly ever met with. 

In the mountainous region the State possesses 54 per cent, of the 
total forests, 26 per cent, in the hilly region, and 17 per cent, jn the 
region of the plains. 

In 1887 the importation from neighbouring States, notably from 
Austria-Hungary, was : 

Francs. 
Firewood 61,000 



Charcoal . 

Wood for building 

Industrial timber 



Total 



135,000 
1,346,000 
4,485,000 

6,027,000 



The following statistics represent the exportation during 1890 : 

Francs. 

Firewood 64,000 

Building wood 3,400,000 

Industrial timber .... 655,000 



Total . . 4,119,000 

The timbers for building are sent, as a rule, to Panama, the resinous 
wood to Constantinople. The oak timber goes to Fecamp for the French 
market. 
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It is since 1882 that the timber industry commenced to take a 
definite development in this country. Eoumania possesses to-day more 
than sixty steam saw-mills, without counting 200 hydraulic saw-mills. 

The largest part of the exportation consists of resinous timber and 
articles manufactured from it. 

The principal timber manufactures are, as regards the resinous 
varieties, boards, which serve to cover roofs, as likewise to make laths, 
trunks, tubs, casks, etc. The hard species, and especially the oak, are 
useful in the making of staves, inlaid floors, sleepers for railways, and 
planks of different sizes. Beech is principally fashioned into the utensils 
used by the peasants. 

In 1888 the sale of forests and their products provided the State 
with a sum of about £88,000. 

Besides timber and firewood, the forests furnish several products, 
such as charcoal, resin, tinder, potash, and bark. 

Charcoal is especially made in forests bordering on large towns. 
Young wood is principally employed for its manufacture, and special 
varieties are made from it : the oak, yoke-elm, maple, and elm. 

The resin is collected and put in cases in fir-bark, which are sold 
in the towns. It is employed in the manufacture of varnish and to 
perfume apartments. 

Timber is the essential and indispensable material for the building 
of houses, especially in country places where there is a scarcity of 
stone and where the largest part of buildings, foundations, walls, and 
roofing are entirely made of wood. The varieties which are most often 
employed are the oak and fir, followed by the yoke-elm, beech, and elm. 

The industries practised in forests are bushel- making, cooperage- 
work, sawing, and basket-work. 

In the country, timber almost entirely replaces metals, crockery, and 
glassware. For this usage the poplar, willow, beech, alder, and fir are 
especially employed. 

Pieces of timber for cartwrights' work and joinery — such as fellies 
of wheels, axle-trees, mill-shafts, and tomb-crosses (which the peasantry 
transport and sell wholesale in villages and at fairs) — are also cut up in 
the Eoumanian forests. 

Thanks to its climate, Eoumania produces timber of excellent 
quality, and which is hard, being durable for a .long time. It is not 
rare that oaks, firs, and beeches, the trunks of which have diameters 
exceeding 10 ft., are met with. 

In the Garj district a large trade is done in the wood of the walnut- 
tree. These trees are sold by the trunk, and not by the cubic metre. 
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The price varies between 100 and 200 francs the trunk, according to 
the dimensions and qualities. 

Wood for burning purposes is sold at a maximum of 1 franc the 
stere, and wood for working, such as the oak, ash, and elm, from 20 to 30 
francs the stere, delivered free to station. 



EUSSIA. 

Amongst the natural wealth of this empire still remaining almost 
unexploited may be mentioned the forests, which for the most part still 
present the appearance of virgin forests. 

Finland, the governments of Olonetz, Wologda, Kastroma, and 
Archangel possess enormous forests. 

Of the 200 million acres constituting the government of Archangel, 
75 millions are covered with forests belonging in part to the adminis- 
tration of the navy. One district alone, that of Mesen, possesses about 
37 million acres of forests. 

The State possesses in the grand duchy of Finland about 25 million 
acres of forests. 

Unfortunately, however, in Russia, as in so many other countries, 
the forests have been greatly neglected for a considerable time. For 
the last twenty years, however, great efforts have been made, which are 
to-day crowned by success. Access to many forests has become easier 
by the creation of ways of fresh communication both by land and water, 
and the forest industry, aided by steam applied to the sawing of wood, 
produces more rapidly and economically. 

The inequality of distribution of forests in Russia is very striking. 
The richest zone is included between the fifty-sixth and sixty-fourth 
degrees of latitude. 

Forests preponderate especially upon the declivities of the White 
Sea and Baltic. In these regions the government possesses 200 millions 
of wooded acres. 

In spite of this abundance of forest-products, certain parts of the 
empire, away from the large wooded groups, have to pay very dearly 
for their firewood. 

The pine is the tree principally met with in Russia. From north to 
south, the principal varieties are the following :^ — ■ 

Pinus cemhro, Ulmus effusa, Alnus glutinosa, Acer platanoides, Pinus 
larix, Quercus pedunculata, Pinus sylvestris, Carpinus betulus, Quercus robur, 
Fagiis sylvatica, Tilia Europcea, Acer campestre, Acer tataricum. 
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The rapidity of growth diminishes towards the north, but the quality 


becomes ameliorated. 






The timber whose 


exportation is the largest must be ranged in 


the 


following order, so far 


as regards the different parts of Eussia : — 
Pine. 




North . 


Fir. 

1 Pitch-tree. 
I Larch. 




North-east 


Forest pine. 




West 


roak. 

\Lime. 
Beech. 




East 


. - Elm. 
.Maple. 




South . 


The different European varieties. 
SWEDEN. 





Sweden has been celebrated for some time for its wealth of forests, 
which not only supplies it with sufficient timber to meet its own 
requirements, but allows it to do a huge export trade, in fact the ship- 
ments of timber account for half the total export of the country. 

The Swedish forests are principally composed of varieties of pines 
and firs, mixed with birch-trees, alders, and aspens. The oak is also 
grown in the provinces to the south of Dalelf, and the beech in the 
more southern ones. 

These forests are stocked with pitch-trees and forest pines ; the latter 
preponderate in the proportion of 90 per cent. The forest pine is the 
tree par excellence of the North. It attains in Sweden a circumference 
and height under branches which is but seldom met with in other parts 
of Europe. 

Besides the forests properly called, large domains possess enormous 
pasture-lands wooded more or less with the birch, aspen, alder, and oak, 
and also, though in a lesser degree, with the beech, elm, maple, and 
lime, as well as different varieties of conifers. 

A vast region of the country, Lapland, in which to a large extent 
the forests are divided between the State and the inhabitants, not 
having yet been completely measured, it is difficult to indicate in precise 
figures the total area of forest soil in Sweden. 

The whole of the land not occupied by water amounts to about 
100 million acres, and a little less than half of this is estimated to 
be forest, namely, about 42 million acres. 

Of the whole forests, 1 5 per cent, belongs to the State, the remainder 
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belonging to individuals ; but the extent of the forests placed under the 
direct administration of the State increases year by year by the purchase 
of private forests. 

The economy of the private forests is not submitted to any adminis- 
trative control ; there are, however, in this respect, the following 
exceptions : — 

In the Isle of Gotland, bad management or the dilapidation of 
forests has involved the forbidding of the cultivation of wood for 
sale. Along the hilly region of Norrbothnie the exportation and sale 
of sawed wood have been forbidden for dimensions of 208 mm. in 
diameter to 5 metres above the root. Latterly, in Lapland, the above 
law has been made applicable to all private forests, to whatever class 
they may belong. 

Until now the forest cuttings have only been introduced in a very 
small portion of the private forests of Sv&land and Gotaland. 

In Norrland, where the largest forests are situated, the felling of 
lofty trees can generally only be done in the vicinity of towns. The 
reason of this is that this region, with a sparse population, possesses 
hardly any other industry than its saw-mills and its exportation of 
timber, and that these trees alone have the large dimensions which are 
in demand for the •saw-mills and exterior commerce. 

The erection of large mechanical saw-mills, established in view of 
commercial cultivation of land, only dates about forty years back. 

In the last century, and until 1810, the wholesale exportation of 
building timber was forbidden. Thfe free trade in forest productions, 
decreed in 1846, gave extraordinary scope to the cultivation of forests. 

Sweden depends almost exclusively upon its forests for the com- 
bustible necessary to its metallurgical industry. The production of 
charcoal has also been undertaken upon a large scale in the majority of 
the provinces, and principally in the large mining regions belonging to 
the middle portion of the country. 

The annual consumption of firewood is of prodigious proportions. 
Except as regards the larger towns, timber always remains the building 
material employed in almost every habitation. Then follow the fire- 
wood necessary for industrial establishments, the wood for working, 
building-wood for ships and crafts, and especially unheard-of quantities 
of young timber, required for the luxurious enclosures (gardesgdrdar), in 
quartered wood, planted obliquely in the ground and bound by branches 
of fir-tree or osier, enclosures separating not only domains, but also the 
cultivated fields from each other and from the paths and highways. 

If the important annual exportation is added to this home use of 
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timber, there will be found, for the total exploitation of the forests, the 
amount of 50 million cubic metres. 

Particulars of this exportation are shown in the following table : — 

Girders and small beams of large dimensions 

Girders and small beams of small dimensions 

Building timbers, masts, and yards 

Sleepers 

Mine-props 

Planks and joists (dozens) 

Ends of planks . 

Splints 

Laths 

Firewood . 

Hoops of casks . 

Timber for oars . 

Staves of beech . 

Staves of oak 

Rough wood 

Worked wood . 

Bark 100,000 



Pieces. 


Cubic Metres 


500,000 


3,000,000 


1,500,000 


2,000,000 


600,000 


2,000,000 


600,000 


100,000 


12,000,000 


3,000,000 


6,000,000 


40,000,000 




1,500,000 




150,000 


600,000 






1,000,000 


150,000 




40,000 




30,000,000 




2,000,000 




150,000 




4,000,000 





The timber of Sweden is largely in demand, and "each year important 
consignments of it are sent even to Australia, the Cape, Brazil, etc. 

More than a half of the Swedish exportation is absorbed by England, 
followed by France, Denmark, Belgium, Spain, etc. Almost all the 
mine-props are sent to England. 

The exportation of the largest timber took place principally from the 
ports of the Gulf of Bothnia, between the large rivers of the Dalelf and 
Angermanelf. 

It is in this hUly region that the largest and most numerous 
mechanical saw-mills are found. 

These mills are very numerous, their number being computed at 
more than 2000. 

With regard to the transport of wood, this is largely effected by 
means of floating. 

In conclusion, the large quantity of worked wood exported by 
Sweden comes from numerous manufactories of wood-flooring and joinery. 



CHAPTEE VIII. 

AFRICAN TIMBER 

From the point of view of forest cultivation, Africa may be divided into 
three principal parts — 

(1) The northern part, which includes the Mediterranean seacoast 
and the Sahara. 

(2) The central or tropical part. 

(3) The Cape region. 

In the first region the Olive-tree is found very extensively, and con- 
stitutes one of the principal sources of wealth of the Kabyle tribes ; then 
the Gorh-tree, which forms immense forests in the lower part of the 
mountainous region of the littoral, notably in the province of Constantine, 
where this timber has become the object of very "important cultivation. 

Among the other wood varieties found in this part of Africa, the 
Tamarisk and the Atlantic Mastic-tree may be at once cited ; followed by 
the Bate-tree, which is cultivated not only for the abundance and variety 
of its products, but also for- its shade. Besides the date-tree, the 
majority of the oases present, in rather large abundance, the Fig-tree, 
Pomegranate-tree, and the Apricot-tree. The Peach-tree, Wild Quince-tree, 
Pear-tree, and Apple-tree are especially planted in the oases situated 
towards the mountains. 

The Citron, Orange, and Olive trees are more rarely met with in the 
oases. 

EQUATORIAL REGION. 

In this part of Africa some botanical species, which are ordinary 
plants elsewhere, here assume a ligneous aspect. 

Upon the damp shores impenetrable forests are developed, formed of 
Mangroves and Avicennias. Banana-trees, some gigantic Malvaceous 
plants like the Baobab, and some Aloes and Euphorbia are met with in 
large numbers there. 

In these warm regions the numerous tribe of Palms is manifested. 
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First and foremost comes the Oil-learing Palm-tree of Guinea, the 
fruit of which contains an enormous quantity of oil. The sap of this 
valuable tree gives wine, and its leaves serve as fodder. But the true 
viniferous palm-tree of these countries is the Sago-tree. 



■/•■'■i'"'"t- 




Fig. 102. —Baobab. 



SOUTHERN REGION. 



The region of the Cape of Good Hope presents a great variety of 
timber, of which mention will be made later ; it is also especially the 
country of the gigantic heathers, these attaining several feet in height. 

The Leucadendrons may also be cited, one species of which, called 
"silver-tree," grows to about 32 or 39 ft., its branches charged with 
lanceolate, silky, and silvered leaves. 



ALGERIA. 

Of all the French colonies, that which 
undoubtedly Algeria. 



possesses the most forests is 
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The information here given as to the forest-wealth of this colony 
is extracted from the most recent official documents, published in 
1899. 

This country, from the point of view of the production of timber, 
may be divided into three regions, namely — 

The Mediterranean or Algerian Tell region. 

The high plateaux. 

The Sahara. 

The region of the littoral of the Constantino province and of a 
portion of the Algerian province as far as the limit west of the Djurd- 
jura group deserves special description, because of the characteristics 
which it presents both from a geological and forest point of view. 

This region is characterised, from a geological point of view, by 
crystalline schists, together with grits and marls of the nummulitic 
formation, with outcrops of primitive rock. Of the 1,135,000 acres of 
forests of cork-trees which Algeria possesses, 1,042,000 acres are on 
this formation. 

Outside of this zone, the primitive and transition formations no 
longer exist except in places upon a narrow band of the littoral. 

Excluding some few rare exceptions, the Algerian forests occupy the 
mountainous regions. Admirably situated upon the summits, and facing 
the direction of the currents of warm air which rise from the sea 
charged with humidity, they fulfil there one of the most useful rdles 
which Nature has assigned them. 

The utility of forests no longer needs demonstration as concerns the 
purely mechanical effect of the consolidation of the soil, the warehousing 
of the waters, and of the supply of springs. 

It is known, moreover, that some springs may disappear through local 

clearings of land of trees, when otherwise it would be right to conclude 

that the annual quantity of rain had diminished. 

Millimetres. 
The average rainfall is upon the littoral .... 887 

in the Tell 590 

„ ,, upon high plateaux . . . 369 

In Western Europe the average flow of the rivers amounts to 
between a quarter and a half of the volume of rainfall ; in Algeria, 
upon the Mediterranean declivity, it is only one-twentieth. This flow 
is certainly increased by the trees which adorn the head of the 
basins. 

According to the last statistical information compiled in 1888, the 
superficial area of the forest-soil in Algeria may be estimated at 
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8,120,000 acres, of which 5,212,500 belong to the Mediterranean 
region, and the remainder to the Sahara mountain-sides. 

The following table will show the extent of the forests in the three 
departments : — 



MEDITERRANEAN REGION. 



Departments. 


Territorial 
Extent. 


Extent of 
Forests. 


Degree of 
Wooding. 


Algiers ..;... 
Constantine . . ... 
Oran . . ... 


Acres. 
7,650,000 

9,780,000 

9,225,000 


Acres. 
1,208,500 

1,693,560 

2,305,992 


Per cent. 
15-7 

17-1 

25-1 


SAHARA MOUNTAIN-SIDES. HIGH PLATEAUX. 


Algiers 

Constantine . 

Oran ... . . 


18,403,500 
10,483,750 
19,674,000 


785,660 

1,327,708 

792,765 


4-3 

12-7 

4-0 



This table shows that the acreage of forest is 19 per cent, of the 
total land in the Mediterranean region and 7 per cent, in the region of 
the high plateaux. 

In France, whose territorial extent is 132,100,000 acres, the extent 
of the forests of all sorts is equal to 23,502,500 acres, which gives a 
forest acreage equal to 18 per cent., whilst the general average of Europe 
is from 29 per cent. 

As regards thickness of growth, the majority of the Algerian forests 
cannot be compared with those of France. Among the causes which 
have impoverished them, and which render amelioration very difficult, 
may be mentioned fires and immoderate pasturage, thus preventing 
complete planting afresh with trees, as also the rewooding of the empty 
spaces. 

The principal varieties of trees are divided as follows : — 



Cork-tree 
Zeen oak 
Evergreen oak 
Aleppo pine . 
Cedar 
Thuja . 
Wild olive 
Various . 



Acres. 

1,134,500 

134,500 

1,845,000 

2,077,500 

95,000 

395,000 

87,500 

2,345,000 
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The province of Constantine is by far the most thickly wooded, the 
extent of its woods and forest amoiinting to 3,022,500 acres. 

The principal products of the Algerian forests — those which provide 
maintenance to the exportation of commerce — are : 

(1) Cork. 

(2) Building timber (ships, house-building, railway-sleepers, staves, 
etc.). 

(3) Fancy wood (parquetry, cabinetmaking, marquetry, fancy turnery, 
etc.). 

(4) Eesins. 

(5) Tanning barks, etc. 

In accordance with Mussulman law, forests were the property of the 
State, and the French occupation confirmed this principle. With the 
exception of some alienations, the forests of the three Algerian depart- 
ments have remained demesnial property. 

The following are the principal indigenous varieties : — 

Evergreen Oak (Quercus ilex). 

The evergreen oak is the most extensive. It is found alone, and 
also often intermingled with the Aleppo pine. This tree shoots out 
very well from stocks when it is young, and throws oif shoots very 
abundantly at all ages. The production of sprouts is ensured by burn- 
ing upon the spot the ddhris of the felling after cultivation. Its wood, 
which is very hard, presents a density varying from 0"9 to 1'18. It 
furnishes an excellent firewood, and is greatly used in joinery and 
carriage-work. It acquires with age a very beautiful colour — a deep 
brown, and jet-black in the centre ; its bark is highly appreciated for 
tanning. 

Cork-Tree.1 

We now come to one of the most important species of trees. 
Algeria is the true country of the cork-tree ; it contains as large a 
quantity of them as all the rest of the globe put together, and produces 
a cork the quality of which is recognised as equal to that of the best 
productions of Spain and Portugal, and which improves with the culture 
of the forests. 

This tree is indigenous to the north of Africa and the south of 
Europe. That living on the heaths of Gascony belongs to a special 
variety — the western oak. 

' In French, liige ; Portuguese, seveiro ; Spanish, corcho ; Provencial, suro, suvi ; Italian, 
aoghero ; and Arabian, kerrauch, seriian. 
8 
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The principal stations of the cork-tree are the northern shores of 
Africa, Portugal, Spain, the south of France, Corsica, Sardinia, and Sicily. 
It is unknown in Syria, as also in Asia Minor. 

The cork-tree, of the family of evergreen oaks, has the -same bronzed 
foliage, with metalUc reflections of the ilex and ballot oaks, but it is 
very stumpy, its canopy more irregular and with less foliage, and its 
bark characteristic. 

Of moderate size, for its height does not generally exceed 63 ft., it 
has a thick trunk, thanks to its longevity, and varieties with a 3 -ft. 
diameter are often met with in Algeria. 

This species, firmly rooted, often tap-rooted, gives forth in rocky 
soils numerous running roots, which, running sometimes to the surface of 
the soil, follow the contour and penetrate into the fissures, providing 




Fig. 103.— Medullary Rays of a Trunk of Cork-Tree. 

the tree with a strong hold and permit it to withstand the strongest 
hurricanes. 

Few trees of the forest are endowed with such great vitality ; cut 
level with the ground or burnt as it stands, the cork-tree sprouts out, 
even up to a very advanced age, and it is owing to this special quality 
that numbers of Algerian forests are preserved, in spite of devastation 
by fires. 

Upon the Algerian littoral the cork-tree grows as well on the 
plain as upon the mountain ; it grows better, however, upon broken 
ground and slightly elevated hills. It is rarely seen above a height of 
2925 ft. This tree accommodates itself to almost all kinds of soil, 
except pure limestone and compact clay. As a rule, it prefers granites, 
schists, and sandstone. 

The wood of the cork-tree is heavy, compact, and difficult to work. 
It warps and cracks deeply in drying. It is therefore of little use ; it 
is sometimes used by country wheelwrights, and boat-builders use it in 
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the making of angles and curves. Atmospheric variations rapidly 
change it, when it rots very quickly. Cabinetmaking and joinery trades 
could employ it with advantage, for its colour is very beautiful. 

On the other hand, it is excellent as firewood, and the charcoal which 
is obtained from it is of exceptional quality. Its density varies from 
0-8 to 1-03. 

The foliage of the cork-tree is retained for two years by the tree ; 
notwithstanding that its covering is very light and permits of the 
underwood developing freely, forming thickets which are often impene- 
trable. 

Flowering usually takes place towards the end of April, though it 
varies according to the situation and altitude. 

The acorns ripen and fall from the end 'of October until January. 
Generally abundant, rather large, very bitter to the taste, they are con- 
sequently unfit for food. 

The bark of the cork-tree comprises two concentric layers, which are 
quite distinct and naturally different. The interior zone, which is found 
in direct contact with wood, is formed of a grained matter, slightly 
elastic, intermixed with a fibrous tissue, and it is an active part of the 
bark. It corresponds to the liber of the other trees, and contributes 
to the formation of the cortical and woody layers of the tree, of which 
it constitutes one of the essential organs. It is this portion which the 
ancient cork-cutters called m&re, and what in Algeria is to-day more 
commonly designated by the name of tannin. 

Everywhere where, this layer is destroyed upon the body of the tree, 
there is formation neither of bark nor wood, unless the wound has just 
become cicatrised and as a consequence covered by the growth of 
neighbouring tissues. Complete, or even partial, decortication, when it 
makes the tour of the trunk, is a certain cause of the death of the tree. 

The second layer, forming the exterior zone of the bark, is thicker 
than the preceding, and is composed of a spongy matter, which is elastic 
and compressible, slightly permeable to liquids, constituting what is called 
the suherose or ligneous tissue. It may be considered that this layer is 
an inert envelope, participating in the growth of the tree, though not 
contributing towards the active functions of vegetation — -which explains 
how the tree may be deprived of a portion of its suherose covering with- 
out its existence being in any way compromised. 

After this deprivation, indeed, a new layer of the same nature is 
formed, and the operation, practised with care, may be periodically renewed. 

A new layer of bark, between the newly formed bark and wood, is 
produced each year ; it then happens that in the course of multiplication 
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they press the network of older cortical layers and force it to become 
distended. The exterior layers end by getting dismembered, forming, on 
the trunk of the tree, deep longitudinal crevasses. 

The yearly layer forming in the bark of the cork-tree is in reality 
double ; each of the cortical zones increases on its side, this growth 
being made upon the interior surface of the last-formed layers. This 
growth does not resemble liber ; as to cork, on the other hand, the 
resemblance is very pronounced and easily recognisable. The annual 
layers of cork, like those in the majority of woods, are lined 
upon the interior by a series of cells of a dark colom"; these cells 
can be easily distinguished from one another and the age of the cork 
determined. 

The male or virgin cork is the suberose bark which the tree produces 
naturally. - This bark develops with the tree, grows with it, cracks as it 
gets older, never becoming detached naturally from the trunk, as has 
often been erroneously asserted. It may attain an enormous thickness. 
Barks about 1 ft. in thickness are found on old oaks. 

The tree getting older, the resistance which the old cortical layers 
opposed allows of a very feeble development in formation of the new 
layers : the result is a cork without elasticity, cracked and without 
possible applications. 

This male cork is therefore of little or no value. It is, however, 
often employed for the rustic decorations of parks or gardens. 

If the tree is deprived of its natural cork, taking care not to damage 
the inferior layer of the bark or liber, there is seen to form, after a 
certain time, a new layer of cork called " reproduction " or " female " cork, 
in contrast to the " male " or " natural " cork. It is this new matter 
which is the true commercial cork ; its advantages are its homogeneity, 
elasticity, and non-cracking. 

When its male cork is taken away from the tree, the operation called 
dima&dage (stripping the tree of its bark) is proceeded with. By this 
operation the oak is placed in a state of forming " reproduction cork " ; it 
is, therefore, valuable ; for it is only from now that the tree becomes 
really productive. 

The cortical layer of the liber contributes alone to the formation of 
the cork of reproduction ; the name mhre has also been given to it. But 
this matter has besides become the object of an important commerce 
under the name of tannin ; both denominations are employed, especially 
the latter, in Algeria. 

M. Mathieu thus sums up the process of formation of the " repro- 
duction cork " : — r 
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" The denuded Tn&re becomes more or less dried upon contact with 
the atmosphere ; at first of a rose colour upon the surface, it soon passes 
to an ochreous red, and finally to a blackish brown. It is between this 
hardened zone and the portion of the mire remaining active that the new 
cork is formed, at a changeable depth and in a very variable region as 
a consequence — -that is to say, sometimes in the herbaceous envelope and 
sometimes between that and the liber, often in the thickness of this 
latter. Whatever the layer may be which the female cork regenerates, 
the latter, once reconstituted, grows by itself on its internal surface, 
just the same as the male cork." 

It is, indeed, in this manner that things go on. The m&re has not 
entirely grown outside. The action of growth after stripping causes 
it to be divided into two portions ; the dried-up exterior part separates 
from the part which is usually very thin and which remains active, 
and it is between this latter, adherent to the wood and in communication 
with the hber of the superior part not yet stripped and the exterior 
portion, where the first layer of female cork is formed. 

The drying up of the mire is afterwards prolonged, as it dies under the 
male bark at a certain distance below the dSmasdage section. The forma- 
tion of the female cork commences afterwards. 

As soon as the first layer of this new cork is formed, the suberose 
bark continues to grow with regularity, and as for the wood, the thickness 
of the layers formed annually accords with the age and vigour of the 
tree, as well as the conditions of plantation. 

The layers of a cork of good quality ought to present themselves 
regularly, and of normal thickness. If this thickness is too extreme, the 
cork becomes soft, being penetrable by liquids ; it is then given the name 
of fatti/ or puffed cork. In general, it is damp shallows which produce this 
kind of cork. 

When the growth is very feeble — that is to say, when the layers 
are thin and contracted — the cork is no longer elastic. Its density is 
then more pronounced, which makes it unsuitable for commerce. This 
latter fault is most often brought about by the nature of the soil 
upon which the tree is found. Corks of this variety are generally 
produced upon impoverished soils, which are elevated and exposed to 
the west. 

In respect of thickness, the cork is furrowed by canals of a brownish 
colour, always directed perpendicularly to the bark. These canals are 
the medullary rays, which, at first cylindrical, afterwards assume an 
elliptical form, under the influence of lateral pressure, and finally 
become completely flat. These medullary rays are coated inside with 
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cells, which are easily destroyed, then leaving holes in the cork full of 
dusty matter. 

When these holes are too abundant, the quality of the cork decreases 
and its impermeability diminishes. 

Upon the ventricle of the block of cork — that is to say, upon its 
interior surface — the medullary canals are signalled by small apertures, 
generally elongated as regards its height and surrounded by a thin 
pad. The nature of the cork can therefore easily be judged by 
examination of the block. When the latter is soft and the apertures 
signahsed are small and rare, one may be sure that the cork is homo- 
geneous and of good quality. In the case, on the other hand, where the 
interior surface of the block is riddled with a large number of blackish 
holes, the cork would be found of mediocre quality, perforated and cracked 
upon the interior. 

If a cork of the first reproduction and a male one, taken from the 
same oak, be compared, it will be proved that a modification is produced 
in the texture of the new suberose coating ; the principal characteristics 
of this modification are the obliteration and disappearance of a portion of 
the medullary canals, and as a consequence the compactness and homo- 
geneity of the cork are augmented. 

Moreover, the less compressed annual layers show more elasticity, the 
external surface is not so deeply cracked, the quality of the cork being 
therefore improved. 

Like fruit-trees, cork-trees have their own individuality — that is to 
say, the stock which gives fine cork at the first gathering will con- 
tinue to do so, and, on the other hand, the tree whose cork is at first 
perforated will continue to give products of a mediocre quality. 

The growth of cork is very variable, as the following table will show : — 

ANNUAL GROWTHS. 





Thin Corks. 


Ordinary Corks. 


Thick Corks. 




Cms. 


0ms. 


Cms. 


Formed the first year . 


0-0017 


0-0037 


0-0050 to 0-0062 


,, second ,, 


0-0025 


0-0040 


0-0055 „ 0-0070 




third „ . 


0-0023 


0-0038 


0-0052 „ 0-0067 




, fourth ,, 


0-0022 


0-0036 


0048 ,, 0-0062 




fifth 


0-0021 


0-0034 


0-0043 „ 0-0057 




, sixth ,, 


0-0020 


0-0032 


0-0040 ,, 0-0052 




, seventh ,, 


0-0019 


0-0028 


0-0037 „ 0-0047 




eighth ,, . 


0-0017 


0-0025 


0-0035 ,, 0-0045 




, ninth ,, 


0-0015 


0-0022 


0-003<i „ 0-0042 




, tenth ,, 


0-0013 


0-0020 


0-0030 ,, 0-0040 




, eleventh ,, 


0-0012 


0-0018 


0-0027 „ 0-0037 




twelfth ,, . 


0-0011 


0-0018 


0-0025 „ 0-0035 




, thirteenth ,, 


0-0010 


0-0016 


0-0022 ,, 0-0035 




, fourteenth ,, 


0-0010 


0-0016 


0-0020 ,, 0-0032 
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AVERAGE THICKNESS OF CORKS. 



Ages. 


Thin Corks. 


Ordinary Corks. 


Tlliok Corks. 




Cms. 


Cms. 


Cms. 


At the age of five years . 






0-0248 to 0-0318 




) six , , 












0-0217 


0-0288 „ 0-0370 




, seven „ 












0-0245 


0-0325 ,, 0-0417 




, eight „ 












0-0270 


0-0370 ,, 0-0462 




, nine , , 












0-0292 


0-0402 ,, 0-0504 




, ten , , 












0-0312 


0-0432 „ 0-0544 




, eleven „ 












0-0330 


0-0459 „ 0-0581 




, twelve , , 






0-0215 


0-0348 


0-0484 ,, 0-0616 




, thirteen , , 






0-0225 


0-0364 


0-0506 „ 0-0661 




, fourteen , , 






0-0235 


0-0380 


0-0526 „ 0-0683 



These figures are the averages of corks of the same category ; they 
are the types which usually appear. 

Naturally the diminishing progression of thicknesses is often 
irregular, and sometimes annual layers are found which are thicker than 
those formerly formed. This often happens when a very dry year 
succeeds a very rainy one. 

In general, cork should not be gathered before having attained a 
thickness of 22 mm. Too frequent stripping would drain the tree and 
the gathered corks would be of bad quality. 

Commercially, cork only commences to be saleable at dimensions of 
28 to 30 mm. 

The density of cork varies the same as that of wood : it depends 
upon the nature and age of the tree. 

Ordinary corks at the age of ten years have a density scarcely equal 
to 20 cms. 

It will be seen farther on that the principal use of cork lies in the 
formation of all sorts of stoppers. It is, moreover, largely employed 
by industry under different forms, notably in the making of insulated 
casings of steam machines. 

Up to now no natural product has been discovered to replace cork. 
Several plants are, however, known the bark or pith of which is some- 
what analogous to the tissue of the cork. It is thus that in Brazil the 
bark of a tree of the Bignoniacew family furnishes a sort of cork ; but the 
qualities of these rare products in no manner rival those of the cork, 
so called, which remains one of the principal sources of wealth of 
Algeria. 

Zeen Oak (Quercus Miheckii). 

The zeen oak is a special variety growing chiefly on the Barbary 
shore, and grows in soils which preserve freshness the whole year. It is 
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especially met with in deep ravines exposed to the north ; it is only 
when at an altitude of more than 2000 ft. that it is found upon slopes 
exposed to the south. Groups of zeen generally form elongated woods 
according to the direction of the ravines, and are surrounded by plantings 
of cork-trees. 

These groups present, as a rule, the same aspect, consistency, and 
stocking. They are usually constituted of old forest-trees ungrafted 
or by lofty poles of shoots of stumps that have grown in consequence. of 
fires and strewn with reserves which have been saved from the ravages 
of fire. Small wood and thickets are also generally found, rather thick in 
parts, in the centre of old plantings and upon the borders where young 
zeens are likely to be substituted for cork-trees. 

The zeen oak is a tree of great grandeur, and is one of the most 
useful and beautiful products of the Algerian forests. Its height often 
reaches 100 to 110 ft., and its diameter is sometimes equal to 
about 6 ft. 

In consequence of the position it occupies in fresh parts of forests, 
it grows rapidly, gives a fibre-like wood of a yellowish colour, sometimes 
rose-coloured, and of horned consistency. The medullary rays • are 
numerous, raised, broad, and close to one another. They produce 
magnificent veins when the wood has been cut in a way parallel to 
their direction. 

The wood of this variety is heavy ; its density is higher than that of 
the European, caducous-leafed oaks, excepting those of Italy. When 
it is green, it is heavier than water. Thus : 



The density of dry zeen oak is equal to 
Provence oak „ 
Burgundy oak „ 
Dantzio oak ,, 

Galicia oak „ 

Italian oak ,, 



0-924 

0-861 

0-760 to 0-805 

0-734 

0-718 to 0-762 

0-982 „ 1-009 



Zeen oak never presents thick layers of porous wood, as are met with 
in oaks grown upon immersed soils in the spring. This arises from the 
fact that the slopes upon which it grows retain their freshness the whole 
year, and are protected, by virtue of their slopes (which are generally 
steep), against an excess of humidity. 

It is with difficulty that this wood becomes dried up. It has even 
been proved that large pieces of timber had not lost all the water they 
contained after having been felled ten or twelve years. 

Perfect timber resists putrefaction thoroughly, and is preserved for a 
long time, in spite of alternatives of dryness and dampness. 



AFRICAN TIMBER 121 

Railways and other companies who employ it for sleepers have proved 
that they last much longer than those of any other species. 

Zeen oak presents upon bending an enormous resistance, which is the 
reason of bridge-girders being made from it. As a result of experiments 
carried out at the naval arsenal at Toulon it was found that the strength 
of breaking per square millimetre of section is equal to l^'i for zeen oak, 
whilst it varies from 4"7 to 7'2 for European oaks. 

Like its congener, the English oak, of which it is probably only a 
modification due to the climate, the zeen oak has straight fibres, and is 
very fit for the saw-mill. 

But apart from these advantages, the zeen has the great incon- 
venience which has been pointed out elsewhere in the other oaks, and 
which is due to the structure of its timber. It has, moreover, a tendency 
to warp, chink, and crack. These defects render it unfit for a number of 
usages. 

By taking precautions, however, these defects can be almost com- 
pletely done away with — in the sawn wood, for example. It is known 
that joists and planks are more liable to become coloured and cracked 
when their surfaces are perpendicular to the direction of the medullary 
rays. This observation, common to all the oaks, is applied a fortiori to 
zeen, the wood of which is fibrous. 

Planks of zeen sawed with the grain present a magnificent appearance, 
and only become coloured when they are in unfavourable conditions 
for drying. To delay and regulate desiccation, which is the cause of 
the production of the clefts, the wood may be left for a certain time under 
the bark, then immerse it in water. This process has given excellent 
results. 

Un risumi, in order to extract the best part possible from zeen oak, 
it is sufficient to adapt the different qualities of wood to the uses to which 
they are appropriated, to cut down the trees in the winter, to prune them 
and allow them to pass the summer without bark ; then, in the autumn, 
to cut them into planks as thin as possible and to immerse them. 
After remaining in the water for from six months to a year, they are 
allowed to dry in the shade, taking care to air them, to avoid rough 
transitions of temperature, and especially to preserve them from the 
sirocco. 

As has already been mentioned, zeen oaks are employed in the manu- 
facture of sleepers for railways. Those which have come from slight 
altitudes and warm situations can also be used as piles for building 
purposes, hydraulic constructions, carpentry-work of bridges, and, in a 
word, in every case where strength, solidity, and durability are required. 
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Those of the northern slopes and elevated regions give a good sawing- 
wood, staves for large casks, wood for cooperage-work, etc. 

Chestnut-Leafed Oak. 

This tree inhabits the large and Eastern Kabylie upon mountains 
whose altitude exceeds 3250 ft., and is a variety of zeen oak which 




is often met with. The acorn ripens every two years ; the density of 
the timber, which has plenty of sap, varies from 0'835 to 1"024. 

Kermes Oak (Quercus cocci/era). 

Very common upon the African littoral, notably in the Oran pro- 
vince. The roots furnish a tan greatly in demand, and giving rise to 
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a large trade. The quintal of tanning bark at a timber merchant's yard 
near the place of cultivation is worth about 8s. 6d. 

But this trade is harmful, for the 90,000 quintals of tanning bark 
exported annually by the province of Oran are obtained by destroying, 
without possible reproduction, about 180,000 stferes of useful wood. 

Aleppo Pine {Pinus halepensis). 

The figures already given show that this is the most extensive 
variety in Algeria. It prospers in all kinds of soil, and is also found 
upon the high plateaux of the Sahara. Its timber is more durable than 
that of the pines of Landes. Preference is usually given to it for the 
making of telegraph poles. 

Maritime Pine (Finns maritima). 

This tree is far more rare than the preceding one. The only soils 
which are suited to it are the old siliceous ones, and especially the 
trachytes. It forms important forests near Bone and Cape Bangaroni. 

Cedae (Gedms Libani). 

The wood of the cedar is amongst the most valuable, because of its 
large dimensions, rigidity, and beautiful red coloration. It is met with 
on numerous mountains whose height exceeds 4850 ft. The most con- 
siderable forests are situated to the east and west of Batna. 

The durability of this timber is superior to that of the majority of 
the resinous varieties. Fine without being too heavy, it is easily worked, 
does not shrink, and, by its agreeable and penetrating odour, it is not 
liable to attack by insects. As lining for cabinet-work, it is of great 
service on account of its odour. 

Lignum Vit^ (CalHstris quadrivalvis). 

This tree is common in the Oranian and • Algerian Tell, where it 
often covers immense stretches of land, either alone or mixed with the 
Aleppo pine. The Constantine province does not contain any of it, but 
it is again found in Tunisia. 

The reputation of Lignum vitce is well known. It is known that with 
the trunk of this tree furniture of great beauty is made. Lignum vitce 
was known by the Romans under the name of Citrus. Pliny often 
mentions it, quoting certain prices of tables made from it which are 
really fabulous — £12,000, for instance. 
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Phcenician Junipek-Teee (Juniperus Phcenicea). 

This is a tree which is rather common upon high plateaux. The 
macrocarpa variety is met with especially in the Constantine province. 

The Yew (Taxus baccata). 
This tree is met with in the Aurfes and Djurjura. 

The Mastio-Teee (Pistacia lentiscus). 

This variety is extensively distributed in the three Algerian pro- 
vinces ; it is rather rare, however, upon high plateaux, and the Sahara 
contains none at all. The leaves of the mastic-tree are highly charged 
with tannin. In America and the English colonies, a process of con- 
centration has been made use of for a long time which permits of tannic 
acid being extracted from these leaves, and which humidity does not 
change, and which, also, does not colour leather. 

The Carob-Tree (Ceratonia siliqua) 

is found throughout the whole of Algeria. Homer designated it 
under the name of " the tree of the Lotus eaters." Its culture, like 
that of the olive-tree, may be made very lucrative, when it is thoroughly 
understood. 

In Egypt, Arabia, Spain, and Italy, the fruit of the carob-tree is 
comestible and may even be substituted for certain cereals. 

The Nettle-Tree {Celtis Australis) 

is found in the forests of Kabyl and in the neighbourhood of Bone. 
As a dry soil satisfies it, it is largely employed for rewooding. Its 
timber, which is very elastic, is useful in the making of whip-handles. 

The Erench Tamarisk (Tamarix gallica) 

is common in the three provinces. There are several varieties of it 
which, joined together, form the S§,ada forest, to the south of Biskra. 

The other indigenous species deserving of being, quoted are the 
different Maples, the Oxyphilla and Eoccelsior Ashes, White and Black 
Poplars, White Willow, Olive-tree, Chestnut-tree; then in the underwoods, 
the Brooms, Mastic-tree, Buckthorns, Myrtles, Holly, etc. 

As to the exotic varieties, the principal will first be cited : — 
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The Eucalyptus, 

which is a native of Australia. A hundred varieties have been natural- 
ised in Algeria. Each of them can be appropriated to a special soil. 
Thus the Rostrata and the Tereticornis grow in the low and marshy 
plains, exposed to inundations in winter, but the soil of which is deep ; 
the Cornuta, Resinifera, Diversicolor, and Glohulus are destined for ravines 
and damp valleys, in good soil ; the Marginata and Meliodora are adapted 
to high and dry localities and to the mountainous and stony parts ; the 
OUiqua and Bucoxylon grow better in elevated situations and without 
shelter, where vegetation is meagre, where winds and drought often 
occur, etc. 

These trees grow very rapidly. The trunk may attain a height of 
about 330 ft., with about 10 ft. diameter at the base. Their timber 
is very resistant, durable, and elastic ; it is employed in carpentry- work, 
but must be treated, prior to using it, with steam, otherwise it will 
crack and bend. 

The acclimatised Australian Acacias in Algeria are very numerous, 
the following being the most interesting : — 

The Melanoxylon Acacia, which is grown from seed in the neighbour- 
hood of Algiers. 

The Biophylla, Pycnantha, and Cyanophylla, which have the property 
of enduring drought. 

These trees grow rapidly, though never reach a great height. The 
timber from them, which is very good as split wood, is covered by a bark 
rich in tannin, yielding about 30 per cent, of it. 

To sum up, for the growth and exportation of the whole of its 
vegetable wealth, Algeria is happily supplied by Nature, thanks to its 
geographical situation and the extent of its coast ; and the continuous 
extension of its highways will permit it, in the near future, to make use 
of this wealth and to greatly profit therefrom. 

TUNIS.^ 

At the present time the wooded groups of Tunis no longer occupy 
soils which have not been cultivated. The denudation of steep de- 
clivities produced by grubbing up has promoted the carrying away of 
the land, and the subjacent rock is found laid bare in the majority of 

^ The information here given as to the Tunisian forests is extracted in part from the most 
recent documents, published by the Administration of Forests. 
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the mountainous groups affected by the unwooding. Moreover, the re- 
peated fires which the natives are in the habit of lighting in order to 
procure pasturage have also largely contributed to restrict the extent of 
forest land, so that forests are only maintained upon the mountains, 
where man has no interest in attacking them. As a matter of fact, 
the proportion of wooded surface is not more than one-seventeenth of 
the total area of the country; the forests do not occupy more than 
1,870,000 acres, of which only 1,625,000 acres can be cultivated. 

These woodings are situated to the north-west of the Eegency. 
Between Mahdia and Sfax, the large forest of Chebba is found, stocked 
with mastic-trees and philarias. 

Upon the interior of the wooded quadrilateral, formed by the 
Algerian frontier, the sea and the line passing by Hammamet and 
Feriana, the forest groups are divided into two very distinct groups, 
one of which occupies the large central angle of Tunis and the other 
the mountainous group of the north. It is in this last part where the 
superb forests of cork-trees and of the zeen oak of Khroumirie are found. 
The high forest does not exist outside of the Khroumirie country ; the 
other districts only contain clumps of trees more or less deteriorated 
by the hand of man and the abuses of pasturage. 

Sometimes the vigour of the vegetation is so developed and the 
varieties are so robust that plantations of trees have been able to maintain 
themselves, and it is essential, in order to reconstitute them, to submit 
them to rational treatment and to rigorous surveillance. 

Conformably to Mussulman law — and this is put in force in 
Algeria — ^French law has decided that forests formed part of the domain 
of the State under the reserve of rights of property and usage regularly 
acquired before its promulgation. 

The forest flora of Tunis comprehends 210 varieties, 80 of which 
can be cultivated for their timber. The species constituting forest-groups 
are : the cork-tree, zeen oak, holm oak, kermes oak, wild olive-tree, 
maritime pine, Aleppo pine, lignum vitee, and the juniper-tree. The 
other descriptions are found in isolated places and in small clusters in 
the forests, or are cultivated in orchards, gardens, and oases. 

Among the secondary varieties some occupy the bed or banks of 
water-courses, others constitute impenetrable thickets in the midst of the 
groups. The sumacs are the last representatives of the ligneous vegeta- 
tion which persist upon the denuded mountains of the centre and south. 

The pinnate ephedra, fibrous calHgone, and retem occupy the hollows 
of the Sahara sandhills. 

The woods of estates occupy 1,537,500 acres over the 1,870,000 
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which exist altogether in the Regency, private woods therefore covering 



an area of about 487,500 


acres 








The principal varieties over this superficial area of 


1,870,000 acres 


are divided thus : 








Demesnial 


Private 




Woods. 


Woods. 




Acres. 


Acres. 


Cork-tree ..... 


290,000 




Zeen oak 








26,500 




Green oak 








75,500 


14,750 


Kermes oak . 








99,500 


5,500 


"Wild olive-tree 








41,750 


92,500 


Gum-tree 








87,500 




Maritime pine 








7,500 




Aleppo pine . 








377,500 


71,25.0 


Juniper-tree . 








34,250 


11,000 


Lignum vitae . 








7,500 


55,000 


Other varieties and unoccupied ground 


490,000 


237,500 


Total 


1,537,500 


487,500 



As already pointed out, the most beautiful Tunisian forests are 
situated in Khroumirie ; they are composed of cork-trees and zeen oaks. 
The maritime pine covers some mountainous remains to the west of Tabarka, 
and the kerpies oak forms the dominating variety of the woodings of the 
downs. The wild olive-tree is met with in the southern part of the 
forests of Western Khroumirie ; it is mingled with different secondary 
species : the mastic, myrtle, and philarias. 

The forests of the high mountains still include old cork-trees, which 
constitute the majority of the plantings ; their number decreases in 
proportion as the height diminishes, and old trunks replace them, 
finally disappearing before the young plantings of trees in the lower 
lands. 

The quantity of oaks capable of producing cork in a period of 
twenty years, beginning from 1884, has been estimated, by the Porest 
Mission of 1882, at 13 million. 

From this fact a possible annual revenue of £100,000 could be 
reckoned upon. 

Groups of zeen oaks are disseminated in the midst of the cork-trees ; 
they occupy the declivities in exposed situations, as well as the bottom 
of ravines. 

The material which can actually be felled is estimated at 500,000 
cubic metres, in uncleft wood. 

To the production of corks and fine-arts. wood must be added the 
cultivation of tanning barks, the ordinary uses of the timber of industry. 
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and the manufacture of charcoal, which may reach each year more than 
100,000 metric quintals. 

The forests of the other varieties are in too poor a condition at the 
present time to provide an important revenue. Their production is, 
however, sufficient to maintain local consumption and to furnish, on some 
points, products of exportation. 

Their yield is, as in the case of the forests of zeen oaks, subordinated 
to the question of transport. 

The Tunisian forests are usually situated in mountainous regions, the 
soil of which does not lend itself to culture; their destruction would 
lead to the slipping of the vegetable earth, the sterility of the soil, and 
the disappearance of the influence which they exercise upon the state of 
the atmosphere. 

The preservation, therefore, of the whole of the forests of the 
Eegency is of the utmost necessity; this is all the easier, as the 
plantations, though in a bad condition, will reproduce themselves 
naturally. 

As a matter of fact, Tunis imports a considerable quantity of 
foreign wood, as will be seen by the statement that in 1888 Tunis 
consumed 11,000 stores of fir- wood coming from Norway, Canada, and 
Jura. 

The trade in timber is less than the wooded surface of Tunis 
would lead us to expect, which arises from the impoverished state of a 
large portion of the forest-groups. However, 10,000 stk'es of zeen oak 
has been produced by Western Khroumirie, which have been useful in 
the making of railway sleepers. 

The cultivation of firewood and charcoal is of unquestionable 
importance, but it cannot increase on account of the high price of trans- 
portation. It amounts to 300,000 stk'es yearly, about half of which is 
provided by State forests. 

The manufacture of tar demands each year about 15,000 stores of 
dead wood ; this manufacture, however, is not allowed from May 1st to 
November 1st. 

Following the system adopted for other countries, some special 
details of the principal varieties met with in the Tunisian forests will 
now be given. 

Almond-Teeb. 

This tree has been found, in a spontaneous state, only in the Ouled 
Ayar. It is cultivated for its fruit. The timber, in a perfect condition, 
is veiny and of a chestnut colour; the sap is white. The medullary 
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rays, very thin and numerous, produce fine and very conspicuous veins. 
The commencement of each annual layer is formed by a narrow zone of 
rather large vessels, which assume a deeper tint and establish a very 
clear line of demarcation between the successive layers. The wood is 
hard, compact, very heavy, and liable to crack. 

The natives fell those trees which do not give any fruit, and make 
firewood of the timber obtained thereby. 



Azaeole-Tkee. 

This tree grows, in isolated places, throughout the whole of the north 
of Tunis. It is found in schistous soils. Its timber is white, slightly 
reddish, and reddish brown in the centre : it is very homogeneous and 
compact ; the medullary rays are thin and numerous. The sap is scarcely 
distinguishable from perfect wood, which is hard, heavy, and compact, 
without suppleness. It will, however, take a beautiful polish, and 
provides an excellent firewood. 

CAKOB-TfiEE. 

This variety grows in all the temperate regions. It is found in the 
driest calcareous mountains', in the Khroumirie forests, and even in oases. 

This tree is found either isolated or in little groups. Its timber is 
hard, heavy, of a rose colour in the perfect state, with white sap. It is 
adapted for sawing, and will take a very beautiful polish. Natives 
cultivate it both for the shade it affords and for the fruit obtainable 
from it, which is edible. 

It is a species which could be very usefully employed for purposes of 
rewooding, on account of its shade and the value of the products which 
it supplies. 

Coek-Tkbe. 

In Tunis this variety occupies a superficial area of 288,000 acres; 
it is isolated at Cape Bon, at Enfida, in the Bedjaoua, but forms clusters 
disseminated in the middle of the kermes oaks, which cover the moun- 
tains of Magod, and constitute, in the Khroumirie region, superb groups, 
the exploitation of which is rendered easy by the vicinity of the sea. 

In Algeria this description of oak covers a superficial area of 1,125,000 
acres, and the total surface of the forests which have been planted 
with it in Southern Europe and Northern Africa can be estimated at 
3,500,000 acres, half of which belongs to France. 
9 
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In the Tunisian forests trees of different ages are stripped, which 
present, after having undergone this operation, an average circumference 
of about 2 ft. 4 in. The average height to which the trees are barked is 
about 5 ft.; the productive surface of each of them is about 3 ft. 3 in. 
square. The net cost of the stripping of the tree has been exceedingly 
low during the last four years. The work executed by the State is put 
up to public tender. 

Kermes Oaks. 

This tree replaces the holm oak upon all the stony soils of the north 
of Tunis. It is found in all the sands of the northern coasts, where, 
mixed with the juniper, mastic, and several other secondary varieties, it 
constitutes very compact plantings, which assure the fixing of the sands. 
In the large downs of Tabarka it forms a small forest of about 38 acres. 
The whole of the mountainous group of the Magod is covered with it, as 
well as the surroundings of Bizerte and the mountains of Cape Bon. 

Its timber may be compared to that of the holm oak: it is also 
heavy, hard, and compact, and shows the same qualities and defects. It 
furnishes wood fit for building purposes, and a valuable charcoal. 

It has been seen that its bark is rich in tannin, but it is especially 
the root bark which is employed in commerce under the name of 
garouille. 

Holm Oak. 

The holm oak grows mixed with the Aleppo pine in all the forests 
which cover the calcareous mountains to the south of the Medjerda. 

Very few holm oaks of large dimensions exist in Tunis. Only a 
few of them are met with in the mountains of the Ouergha and Bargou. 
The natives have destroyed them by fire, and have killed, by peel- 
ing them, those which have been spared from fire. The groups of holm 
oak present to-day nothing but stumps browsed by cattle and generally, 
too young to be cut regularly for the market. 

Zeen Oak. 

With the exception of some isolated trees distributed here and 
there over the hillocks of the littoral, this is only found, in Tunis, in the 
Khroumirie region, where it occupies about 26,500 acres. 

The total volume actually cultivable in Tunis is estimated at 
500,000 cubic metres, distributed by halves in the groups of Central 
Khroumirie and in those of the environs of Ghardimaou. 
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Since 1883 — the epoch of the organisation of the forest service in 
Tunis — only railway sleepers have been drawn from it, and this will 
always remain its principal use. 

The creation of the network of forest-routes of Western Khroumirie 
has allowed the commencement of the exploitation of groups of zeen 
oak in this region and of auctioning fellings each year, from 1883 
to 1889, whose total volume has been about 11,000 cubic metres of 
rough timber. 

The buyers have only cut sleepers from the timber which have been 
sold at the price of 3s. 9d., delivered- at the Ghardimaou Station. The 
purchase price of the cubic metre on the spot has varied from 3s. 9d. in 
1883 to 8s. 9 d. in 1888. The sleeper, which is about 8 ft. in length, 
by 9 in. in width, and having a thickness of about 5 in., weighs about 
75 kilogs. one month after having been cut, and costs lOd. for working 
purposes. The cubic metre of rough timber provides from nine to ten 
of them. 

The development taken by the culture of the vine in Tunis demands 
the annual consumption of an enormous quantity of oak wood for the 
barrelling and transport of the wine. 

In 1888 the produce of the 7500 acres of vines planted in Tunis 
since 1884 was 15,000 hectolitres. It will, therefore, be easily com- 
puted what an enormous quantity of timber will be required by this 
industry when the vines have attained their normal yield and the 
plantations have developed. 

Wild Quince-Teee. 

This tree is cultivated throughout the whole of Tunis. It is 
frequently met with in garden hedges. The timber in a perfect con- 
dition is not distinguished from that of the white hazel-tree ; it is very 
heavy; it is heavier than water, and is compact, homogeneous, of a 
reddish-brown colour, with lines and spots of the same colour, though 
deeper. 

Juniper-Tkee. 

Tunis possesses three species of juniper-trees : that with large fruit, 
the oxycedar juniper, and the Phoenician juniper. This variety occupies 
about 45,000 acres. 

The large-fruit variety is formed upon the northern downs. It grows 
rather rapidly, attaining a circumference of 4 ft. 9 in., with a height of 
about 19 ft. to 23 ft. The oxycedar is rare in the north, but becomes 
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rather common in elevated parts of the forest of the central chain. The 
wood, which is red in a perfect state, with very fine grain, susceptible of 
receiving a beautiful polish, warps slightly, being adapted for marquetry- 
work and the lathe. 

The Phoenician juniper-tree is less rare in the north, where it is met 
in warm situations ; it is rather common in the forests of the central 
chain, where its station is not so elevated as that of the other. Its wood 
is brown and yellowish ; and it polishes easily. 

The natives utilise the Phoenician juniper-tree as a substitute for the 
lignum vitse in the construction of terrace walks, and extract from it a 
tar which is more valuable than that of the Aleppo pine. 

Gum-Teeb (Acacia tortilis). 

This tree constitutes woods covering about 87,500 acres in the 
southern part of Tunis, between Gafsa and Mahrfes. 

A third of the wooding is composed of trees at a distance of about 
50 ft. from each other. In the other two-thirds the distance between 
the trees is from 325 ft. and more. 

The maximum height of the gum-tree is from about 33 to 50 ft. 
Its growth is very slow. The trunk is usually divided into two or three 
branches about 3 ft. from the soil, so that each tree gives but little 
utilisable timber. The total production of fancy wood does not exceed 
200 cubic metres per year. 

The perfect wood of the gum-tree is of a reddish brown of horny 
appearance, furrowed by a reticulated tissue of a greyish-brown tint, dis- 
posed in sinuous lines, interrupted and directed in a parallel direction to 
the circumference. These lines are often jumbled up together, so that it 
is difficult to give an account of the yearly layers. These delineations are 
formed by a vascular zone of porous wood, surrounded by large vessels 
visible to the naked eye. In the centre of the red wood, numerous 
openings of fine ducts are found. 

The thickness of the sapwood is about a third of that of the perfect 
wood in ripe ages ; the bottom is yellowish, sometimes greenish, the 
reticulated tissue is of a clearer greyish colour. The medullary rays are 
numerous, elongated, and thin. 

The specific gravity of the wood of the gum-tree, taken from a 
sample whose age is estimated at about 150 years, is 0-99 in the dry 
state. 

This wood is compact, hard, susceptible of taking a fine pohsh ; it 
neither twists nor cracks. It can be employed for cabinetmaking. 
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Nettle-Tree. 



This is found in Khroumirie, upon the Djebel-Zaghouan, in the moun- 
tains of the central chain and in the forests of Frechich. It generally 
comes in clusters in rather elevated rocky parts where the soil keeps 
fresh. It is also met with, in isolated places, in the midst of orchards of 
olive-trees. 

The total area occupied by clusters of these trees in the Tunisian 
forests may be estimated at 750 acres, giving an annual production of 
1200 cubic metres. 

Mulbeeey-Teee. 

The mulberry- tree is cultivated in the gardens of the whole of 
Tunis. It is a species of medium height, growing slowly and attaining 
a height of about 38 ft., with a circumference of about 10 ft. 

The timber of this tree is yellow, becoming brown upon drying ; the 
sap, which is not very abundant, is of a clear yellow colour ; the medullary 
rays are rather compact. Each annual layer commences by a lighter zone 
of large ducts, which distinguish it from the preceding layer. It is hard, 
heavy, compact, and susceptible of receiving a beautiful polish. The 
natives make camel-saddles, wooden shoes, boxes, etc., from it. 

Olivb-Teee. 

This variety is extensively found in Tunis. It is met with upon 
the littoral, in the mountains of the centre, and upon high plateaux ; it 
is also cultivated in the oases of the south. 

In the wild state it can, when its growth has not been impeded, 
acquire the dimensions of a tree of medium and even of the greatest height. 

Olive-trees of 13 ft. in circumference by about 39 ft. in height 
are not rare in fertile plains and upon the banks of water-courses. 

The main root (which is very strongly developed, tap-rooted, and 
running) of this species permits its vegetating in the poorest soils and 
under the driest of climates. The olive-tree is met with especially in 
calcareous and schistous soils, though it is rare in stony soils. 

The growth of the olive-tree is slow, and its longevity considerable. 
Its timber is hard, compact, very heavy, homogeneous, without, apparent 
sap, and of a yellowish colour. 

In old trunks it takes in the centre a chamois tint, with veins of a 
deeper colour, varying from a ground colour to blackish brown. A 
beautiful polish can be given to it, and it can be " worked " with ease. 
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It is, moreover, an excellent firewood, which produces a charcoal of the 
first quality. 

WUd olive-trees are small, giving but little oil. 

Cultivated olives cover a large surface ; they amount in number 
to about 170,000. 

The most important plantations are found between Porto-Farina and 
Bizerte and at Zaghouan. Sahel, from Sousse as far south as Mehdia, 
the neighbourhood of Sfax and the isle of Djerba, is simply an immense 
orchard of olive-trees. The oases of the south contain large quantities of 
them, and the arid mountains of Matmata and Dou'iret still contain some 
of them in their valleys. 

Elm. 

The only variety of elm met with in Tunis is the sylvan elm. Like 
the ash, it is only found in exposed valleys. It is more abundant in 
Khroumuie than anywhere else, but it is again found, in isolated places, 
at Cape Bon, in the mountains of Zaghouan and Bargou. 

The production does not exceed 1000 cubic metres per year. 

POPLAE. 

The two varieties of poplars which grow spontaneously in Tunis are 
the white Dutch poplar, sometimes called grisard, and the black or 
Swiss poplar. They are only found, in isolated places, in exposed valleys, 
upon the banks of water-courses. 

The production of poplars in the Eegency cannot be estimated at less 
than 400 cubic metres per year. They are not exploited in a regular 
manner, on account of their state of dissemination . and transportation 
difficulties. 

Aleppo Pine. 

The Aleppo pine is one of the most important varieties of the Tunisian 
forests. It covers, in the forest zone, all the calcareous mountains situated 
to the south of Medjerda, which still preserve some remains of the 
woodings. The superficial area covered by this variety is 450,000 acres. 

It is a robust tree ; it grows in all soils, even the driest, at all 
situations, and altitudes. It is found from the level of the sea to the 
summit of the Djebel-Chanbi, the most elevated point of Tunis, at a 
height of 5200 ft. 

The utility of the Aleppo pine in the Eegency is enormous. It 
retains as woods districts which do not suit any other forest variety 
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and which the nature of the soil renders unfit for agricultural 
purposes. 

Its adaptability has maintained it there, in spite of the most unfavour- 
able natural conditions to vegetation. But as a rule it only constitutes 
thin plantations where the trees are badly grown, twisted, and mutilated ; 
from place to place, however, beautiful thickets are found. 

The actual treatment of forests of Aleppo pines consists in protecting 
the plantations against the delinquencies of the natives, thinning them out 
in order to favour their growth. 

The wood of the Aleppo pine is of a yellowish-white colour. The 
natives use it extensively ; they make from it the terraces of their houses 
and their cabins, as also the wood of ploughs, apparatuses for thrashing 
corn (called " Djarroucha "), shovels, weavers' looms, camel-saddles, etc, 

The bark, of a silvery grey, is useful in the tannage of skins, etc. 
The tar is largely employed by the natives. 

Maritime Pine. 

This variety is only found in the north-west pari of Khroumirie, 
upon the mountains situated between Tabarka and the Algerian frontier ; 
it there covers a superficial area of about 7500 acres. 

The groups of pines burnt in 1881, upon the entry of the French 
troops into Khroumirie, are to-day entirely reconstituted, being composed, 
in a large part, of young stocks, which dominate the reserves spared by 
the fire. 

The timber of the maritime pine is reddish in the perfect state ; the 
sap is white. This wood is rather hard and heavy, without softness, and 
intersected by resiniferous canals. It can be employed in the making of 
stakes, telegraph poles, etc. 

Pistachio. 

The Regency possesses four varieties of pistachios, namely — 

Common pistachio. 

Atlas pistachio. 

Terebinth pistachio. 

Mastic pistachio. 

The Atlas and mastic pistachios are the principal ones. 

The first is usually isolated, and is rarely met with in clusters. It 
is principally found in the Oued-Gharghai plain and in warm plains and 
high plateaux. 

Its wood has a greenish-white sap. In the perfect condition its 
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colour is brown, with green reflections and veins of a deeper colour 
passing to blackish brown. The medullary rays are numerous, short, and 
thin. Its annual layer includes two distinct zones, which make it 
easily recognisable ;' one contains large ducts, disposed in one or more 
rows ; the other is in part formed by very fine ducts, grouped in con- 
siderable number, which form a clearer reticulated tissue. 

•■ The sapwOod rots quickly, the perfect wood is hard, compact, heavy, 
and capable of receiving a beautiful polish. It can be erhployed for 
cabinetmaking and marquetry-work. 

It is not yet employed by Europeans, though the natives utilise it 
for a variety of purposes. 

The Atlas pistachio is a species which is valuable for the rewooding 
of the south of Tunis. 

The second important variety, the Mastic Pistachio, is one of the 
dominating varieties of the underwoods of the Mediterranean region 
of Tunis. This tree grows in plains, upon the slopes, and in the lower 
parts of the mountains, and it is scarcely ever met with above an 
altitude of 1950 ft. All kinds of soil are adapted to its growth, but in 
fertile soils it may acquire dimensions which make it a veritable tree. 

The timber of the mastic assumes, in the perfect condition, a rose 
colour inclining to yellow. It is heavy, hard, polishes well, and can be 
employed in cabinetmaking. 

The sapwood, which is rather abundant, is white and very subject 
to become rotten ; it can only be employed as firewood. 

Lignum Vit^. 

The lignum vitae is only found abundantly in Tunis in the Zaghouan 
group and in the mountains situated between Zaghouan and Cape Bon. 
It is generally met with in the form of a shrub or bush. However, on 
the Enfida estate certain of these trees grow to a height of from 13 to 
16 ft. 

The groups of lignum vita; cover in Tunis an area of about 62,500 
acres. Its growth is slow ; the perfect wood, of a brownish-red colour, 
abounds with sap, which is white ; it is heavy, hard, capable of receiving 
a beautiful polish, and highly esteemed for cabinetmaking. 

It has already been said that this timber was in great demand by the 
ancients. Since their arrival in Northern Africa, the Eomans knew 
how to appreciate the remarkable qualities of this tree, to which they gave 
the name of Citrus ; they had such a consumption for it for furniture de 
luxe, that it afterwards became a rarity, and its price went up in fabulous 
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proportions. Hence, in the latter days of the Eepublie, this furniture 
became a veritable craze. 

Cicero paid for a table of this wood £10,000 of our money. The 
Carthagus family possessed one which cost £14,000. The wood was 
generally used in veneers, but sometimes it was carved, and decorative 
cups and vases were made from it. 



SECONDARY VARIETIES. 

Other varieties of timber are found in Tunis which, though being of 
lesser interest, merit our attention. 

These are: the Hawthorn, Strawberry-tree, Arborescent Furze, 
Lemon-tree, Maple, Fig-tree of Barbary, Holly, Jujube-tree, Myrtle, 
Buckthorn, Orange-tree, Philaria, Pear-tree, Plum-tree, Palma Christi, 
Willow, Sumac, Elder-tree, and Tamarisk. 

A few details will now be given as to the principal ones. 

Barbary Fig-Tree. 

This tree is cultivated throughout the whole of Tunis ; it grows on 
all soils (even the most arid), provided they be not too damp. 

In the plains of the south of Kairouan, its culture has taken a con- 
siderable extension. The plantations which are found near the Zaouia 
of Sidi-Ameur-bou-Adjila occupy some hundreds of acres. 

The fig of Barbary furnishes the natives with a portion of their 
nourishment at the end of the summer; Europeans can extract from it, 
by distillation, an alcohol which could be of use commercially. 

The whole of the plantations of this cactus amounts to 85,000 acres 
over the Tunisian territory. 

Philaria. 

This is rather common in ■ Tunis, especially upon the littoral; it is 
usually found in the form of a shrub, but in fertile soils and in fresh 
ravines it may attain the dimensions of a fourth-rate trec;- 

The wood of the philaria is yellowish, hard, compact, very homogeneous 
and tenacious. It will be found useful in carriage-building, lathe-work. 

This tree lives to an old age, and grows easily from shoots. 

Sumac. 

Tunis contains only two varieties of this : the five-leaved sumac and 
the oxyacanthus sumac. 
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The first-named inhabits the north, and is found in isolated places 
or in the plains and upon the hills. It is a thorny shrub, reaching a 
height of about 10 to 13 ft. 

The oxyacanthus sumac is found in the south, where it is sometimes 
rather abundant. It is this which forms the green thickets seen on 
denuded mountains in the southern portion of the Eegency. 

The wood of the sumac is red in the centre ; it is heavier than water, 
compact, and homogeneous. It does not attain sufficient dimensions to 
be employed in cabinetmaking, though very pretty work can be turned 
out of the lathe with it. 
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Fig. 105.— Dragon-Tree of the Island of Teneriffe. 

The sumac, on account of its robust constitution and the property 
it possesses of growing in dry soil, is valuable for rewooding purposes. 



Tamaeisk. 

The tamarisk of France and that of Europe is found throughout the 
whole of Tunis upon the banks of streams and in the sands. 

The growth of these trees is rapid. At the age of twenty years 
they may attain a circumference of about 5 ft. The timber, of bad 
quality, cracks deeply. 
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In the south several varieties are found attaining rather large 
dimensions. 

The principal utility of this variety is to serve as shelter from the 
winds, to bank in the streams, and to keep the sands from drifting. 




Fig. 106.— Palm-Tree. 



SENEGAL. 



Senegal, properly so called, does not produce a considerable quantity 
of timber, although a portion of its banks are covered with Gonolci&s 
{Acacia Adansonii), very well adapted for shipbuilding. But it is not 
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the same in Casamance, where the forest resources are enormous.' The 
principal varieties of this country are : 

Khaya senegalensis, cail cedra : joinery, cabinetmaking. 

Eriodendron anfractuosum, hintaforo or henten : light wood adapted 
for making canoes. 

Detarium senegalense, vianhodo or ditarr : joinery and in fancy 
turnery trade. 

Pterocarpus erinaceus, kino or vhie : hard wood adapted for naval 
constructions. 




Fig. 107.— Cutting of Stem of a Palm-Tree. 

Dialium nitidum, Jcoci/to or solum : building wood. 

Sterculia cordifolia, danta : shipbuilding. 

Bauhinia reticulata, ghighis : carpentry wood (not very durable), 
employed for vessels. 

The Navy can find amongst the woods of Senegal the best varieties, 
just as at Bissao, whence the Portuguese draw the largest part of their 
supplies for shipbuilding. 

The Gabon Forests are richer still, but little cultivated. The sandal 
and ebony are alone regularly exported. 



TIMBER OF EE UNION. 

Though considerably reduced by clearings, the resources of this 
island are still rather extensive. The surface covered by forests where 
valuable varieties grow in large quantities is estimated at 150,000 acres. 

Besides the amount of timber for cask and cabinetmaking, the 
forests of the high lands of this colony furnish rather numerous varieties 
capable of being usefully employed in coachmaking. 

Their resistance to blows, the fineness and polish of their grain, 
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which dispenses with the need of varnish, naturally adapt them for 
commerce. 

The most esteemed and principal timbers are boxwood, ironwood, 
melanid ebony, filac, blue-heart, tacamahaca {Callophyllum spurium), etc. 



TIMBER OF THE CAPE OF GOOD HOPE. 

The country contains quite a crowd of useful varieties, the most 
important only of which, with their application, will be cited. They are : 

Brabeium stellatifolium, loilde amandelloom : lathe, ornamentation 
joinery. 

Buddleia salvisefolia, scdiehout : carriage-building, agricultural 
implements. 

Calodendron capense, ivilde kastanie : agricultural implements. 

Capparis albitrunca, wintgathoom : yokes and other domestic usages. 

Cassine Maurocaenia : yellow wood with brown veins, musical 
instruments. 

Celastrus acuminatus, zyhast : lathe, cabinetmaking, musical 
instruments. 

Doryalis zyzyphoides : carriage-building, agricultural implements. 

tlsdendron croceum, saffraanhout : joinery, bark fit for tanning 
and dyeing. 

Fagarastrum capense, knohout -. domestic carriage implements. 

Gardenia Thunberg'ia, iuffelsbal : different implements. 

Leucospermum conocarpum, krenpelboom : charcoal and heating 
purposes, excellent bark for tannage. 

Olinia capensis, hardpeer : musical instruments, cabinetmaking. 

Olea laurifolia, black ironwood : cabinetmaking. 

Phoberos Mundtii, klipdoorn : building wood. 

Podocarpus elongata : carpentry, joinery. 

Rhamnus celtidifolia, camdeboo : bushelmaking. 

Rhus viminalis : lathes and planks for the covering of houses ; this 
wood is not attacked by insects. 

Tarchoxantus camphoratus, siriehout : joinery and musical 
instruments, 



CHAPTER IX. 

ASIATIC TIMBEE. 

In the northern region, forests with sharp-edged leaves are formed by 
the Siberian, Larch, Dauric Larch, Siberian Pine, Gimbric Pine, Forest Pine, 
etc. Isolated White and Balsamic Poplars, dwarf Birches, Service-trees, 
Alders, and Willows accompany them. 

Humboldt assigns to the Ural forests the vegetation of a park, 
seeing that they offer alternately a mixture of sharp-edged and round- 
leaf trees, growing upon magnificent green swards. 

CENTRAL REGION. 

In this part of Asia the remarkable trees and shrubs are the Elegant 
Palm-tree known under the name of Rhapis Jlobelliforme, the Japan 
Mulberry-tree, Odoroiis Olive-tree, Japanese Medlar (Mespilus japonica), Ginko 
bilbao (holy tree surrounding the Pagoda), Yew-trees, Juniper-trees, Gypress- 
trees. Lignum vitce. Oaks, and different varieties of Nut-trees, Bay-trees, 
and Maples. 

SOUTHERN REGION. 

Among the most abundant arborescent plants may be mentioned 
the Bombax, Sapindus, Mimosa, Acacia, Gardenia, Diospyros ebenum 
(the wood of which was celebrated in earliest antiquity), Tectonia 
grandis (a magnificent tree which furnishes a building timber with great 
resistant properties), Lsonandra gutta (which produces gutta-percha, 
obtained by practised incisions in the trunk of this large tree), Bay-trees 
with aromatic bark. Nutmeg-trees, Fig-trees, Palm-trees, Gocoa and Sago 
trees. Dragon-trees, Bamboo-tree, Tamarind-trees (Tamarindus indica) — a 
delightful tree whose fruit contains a pulp of vinous odour and of sourish 
savour, etc, etc. 
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CHINA. 



Some interesting trees are found in China, amongst which the 
following may be cited : — 

The Tallow-tree (Stillingia sehifera), from which vegetable tallow (or fat) 
is extracted ; then the tree which harbours the wax-making insect — this 
is a sort of ash found in abundance near canals and lakes in the Tche- 
Kiang. When the insects which produce the wax have accomplished 
their work upon the leaves of the tree, these leaves have the resemblance 
of being covered with flakes of snow. Afterwards comes the Soap-tree 
(Ccesalpina), the pulpous husks of which are largely used in the form of 
soap ; the Varnish-tree, the produce of which is useful to the Chinese in 
the making of those lacquers which are so remarkable and renowned. 

We may also mention the Jujube-tree, Orange, Lemon, Cinnamon, 
the Knotted Anise-tree, and the Hemp Palm-tree {Gryptomeria Japonica), 
the beauty of which is remarkable. The Chinese make mantles with 
large collars and enormous conical hats with the palm-leaves which are 
characteristic of it. 

COCHIN-CHINA. 

Here the forests are numerous, and their products are destined to 
play an important role in the export trade of this country. The province 
of Bien-hoa and Cambodge are the principal forest centres. 

The timber of these countries is easily worked, of a very fine grain, 
but often fragile. 

COLONIES OF THE NETHERLANDS. 

In the tropics the timber has the advantage of growing in good 
conditions." The climate favours, after the felling of the trees, rapid 
exsiccation of the sap, thus obviating all danger of the wood becoming 
worm-eaten. It will therefore be readily understood of what great use 
this timber can be made in Europe. 

The following are the most important : — 

Arang (ebony wood). 

It is indigenous to the Molucca Islands, and principally to Bouro, 
where the wood of the tree is as black as jet and of a texture more 
compact than anywhere else. 

Behlo-Ham {Byospiros). 

This is employed in naval constructions for the wings of light ships, 
in order to maintain their equilibrium in a rough sea. In cabinetmaking 
it may be substituted for ebony wood. 
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Kojoe Besi (ironwood). 

This is very useful in lining ship timbers. 

Djati Kapoor (Tectonia grandis). 

The " Teck " or " Djati " grows indigenously in the vast forests of the 
high central and eastern regions of Java. It is linown that it is not 
possible to preserve it from the ravages of the cappanus. 

Masi Meira {Nania vera). 

One of the best woods for naval constructions, as it resists attacks of 
the cappanus ; neither is it changed by acids. 

Tanoeu (ironwood). 

Its specific weight is equal to that of the ebony ; it is employed in 
joinery. 

JAPAN. 

This empire has a rich collection of very useful timbers, with regard 
to which some details will be given. They are principally : 

Trees with Caducous Leaves. 

Abemaki (Quercus variabilis). 

This attains about 8 ft. in circumference and about 60 ft. in height. 
It is employed for fuel. The cork of its bark is useful in the making of 
cork-stoppers. 

Aburagiri (Mceoccoca cordata). 

Circumference about 3 ft. 6 in., and height about 30 ft.; it is useful 
in the making of boxes, wooden shoes, etc. Its bark is used for dyeing 
purposes. 

Akashide (Carpinus Japonica). 

Circumference about 3 ft. 3 in., and height about 40 f t. ; it is useful 
in the making of agricultural implements and for firewood. 

Akinire ( Ulmus parvifolia). 

Circumference about 3 ft. 3 in., and height about 50 f t. ; used for 
the making of furniture, etc. 

Asada {Ostrya virginica). 

Circumference about 5 ft., and height about 65 ft. ; principally 
employed in the making of furniture. 

Buna (Fagus sylvatica). 

Circumference about 1 ft., and height about 50 f t. ; it is employed 
in turnery work, agricultural implements, etc. 

Eg^o {Styrax Japonicum). 
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Circumference about 3 ft. 3 in., and height about 20 ft.; it is in 
demand for making of tops, etc. 

Hannoki {Alnus maritima). 

Circumference about 3 ft. 3 in., with a height of about 40 ft. ; char- 
coal for cannon-powder is made from it. 
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Fig. 109. Sophora of Japan. 



Hoonoki {Magnolia hypoleuca). 

Circumference about 8 ft., with a height of about 50 f t. ; it is used 
in the making of tables, planks for cutting up, wooden shoes, pencils, 
and charcoal. 
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Katsura {Cenidiphyllum Japonicum). 

Circumference about 10 ft., and height about 80 ft.; it is used in 
the building of houses and in the making of boxes and turned objects. 

Mame-Gaki (Biospyroslotus). 

Circumference about 5 ft., and height about 40 ft. ; it is useful 
in the making of small objects, uprights of steps, and turnery work. 
" Shibu " (a sort of astringent varnish) is extracted from its fruits. 

Nigaki (Ficrasma allanto'ides). 

Circumference about 5 ft., and height about 50 ft. ; it is employed in 
the making of agricultural implements. Its bark is used as an insecticide. 

Saruta {Stuartia monadelpha). 

Circumference about 8 ft., and height about 40 ft. ; it is employed 
in Toko for the manufacture of tools. 

Tochi {^sculus turbinata). 

Circumference about 6|^ ft., and height about 20 ft.; it is used in 
the building of houses and turned varnish work. It is also employed in 
the making of boxes, etc. 

Evergreen Trees. 

Of these trees the following may be mentioned : — 

Akagashi (Quercus acuta). 

Asebi {And7'omeda Japonica). 

Biwa (FJwtinia Japonica). 

Inutsugue (Ilex crenata). 

Inusoki (Bistilium, racemosum). 

Kagonocki (Actinodaphne lancifolia). 

Kusunoki {Oinnamomum camphora). 

Mokkaku (Ternsircemia Japonica). 

Nikkei {Oinnamomum Laurerii). 

Shii {Quercus cuspidata). 

Tobera {Pittosporum tobira). 

Tsuge (Buxus Japonica). 

Ubame-gashi {Quercus phyllireoides). 

All these woods serve in general in the building of ships and houses ; 
some of them are employed in the making of small furniture and turnery 
work. 

KINGDOM OF SIAM. 

The vegetable products of this country are very numerous, thanks to 
its being in the vicinity of the tropics and to the periodical rains which 
water the soil. 
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Upon the frontiers of the Birman Empire vast forests of teak are 
found. When the rough wood is dry enough, rafts are made from it, 
and it is taken in this condition by water to Bangkok, where it is 
usually sawn into planks. 

There exist, besides, in the interior of the kingdom, other varieties of 
timber, amongst which that known under the name of Takieng, which 
can rival with the teak, possessing the valuable quality of being easily 
bent. 

In different districts, and particularly upon the eastern side of the 
G-ulf of Siam, the species of pine grows from which excellent resin is 
produced. 

Dye woods are not rare, and the deal especially is exported, which 
grows spontaneously in the regions of the North and upon the hills of the 
Indian province of Tenasserim. 

We may likewise mention the fig-tree, the middle of which has a 
beautiful yellowish colour, which is very brilliant, and renders the wood 
of use in cabinetmaking ; the Morinda citrifolia, the roots of which 
provide the natives with a scarlet-red colour ; and, lastly, the mangrove- 
tree, the Mangle rhyzophora, the bark of which is employed for tannage 
purposes. 



CHAPTEE X. 

AMERICAN TIMBER 
NOETH AMEEICA. 

The polar vegetation of North America greatly resembles that of Europe 
and Asia. In the intense cold the Willow, Birch, and Poplar grow as 
stunted shrubs. 

Among the most important arborescent varieties may be mentioned 
the numerous varieties of Pine, Fir, Larch, Lignum vitce, Juniper, a large 
number of Willows and Oaks of different sorts ; Beech, Chestnut, Yoke-elm, 
Birch, Poplar, Elm, Ash, Platane, etc., and Maple, Lime, and Nut. 

The same species are found in the southern region, and the Palm-trees 
commence to appear, then the Tulip, Rdbinia, and magnificent Magnolias. 

SOUTH AMERICA. 

If one ascends the Andes by degrees, he will first meet the Ceroxylon 
andicola, the tallest of all the palm-trees, attaining a height of 195 ft., 
and producing a wax which exudes from its leaves and especially from 
the base of their petioles ; and then the Willow and Humboldt Oak, 
Hollies, Andromedas, etc. 

In the vicinity of Caracas, the Banana, Orange, Coffee, Apple, and 
Apricot trees are found, as also two valuable trees, the Theohroma cacao 
and Cow-tree. The first produces seeds which, grilled and sweetened, are 
useful in the making of chocolate. 

M. de Humboldt supplies us with the following information with 
regard to the Cow-tree : — • 

" This beautiful tree," says the illustrious savant, " resembles the 
Caimitier. The fruit is not very fleshy, and contains one or sometimes 
two nuts. When incisions are made in the trunk, a rather thick viscid 
milk, with no acidity, and exhaling a very agreeable odour of balm, is 
gathered in abundance. 
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" The negroes working in plantations drink it and soak cassava 
bread in it." 

As will be seen further on, Brazil has a luxuriant vegetation. The 
forests contain an abundance of wood wliich is very useful for dyeing, 
carpentry, and cabinetmaking (rosewood, ironwood, violet ebony). 

The aspect of the Brazilian forests varies according to the nature of 
the soil and of the streams running through them. 

If these forests have no water-courses or springs, the dryness arrests 
the vegetation, which becomes intermittent, as in our cUmates. But if, 
on the other hand, it is uninterruptedly excited by the two principal 
agents, damp and heat, the vegetation of the virgin forests is then 
maintained in continual activity. 

Leaving Brazil, we find in the little known forests of Paraguay 
ligneous products and the MaU of South America, which represents the 
China tea-tree. 

Lastly, thick forests cover the mountains in Tierra del Fuego, where 
they are sheltered from the wind up to a height of about 1625 ft. The 
Birch-leaf Beech predominates there, as do likewise the Antarctic Beech, 
Forster Beech, etc. 

ARGENTINE REPUBLIC. 

The quebracho (the most interesting tree of this country) is the only 
one which will be noticed. 

The Quebracho Colorado has been classed as an Anacardiacece under the 
name of Loxopterigium Lorentii. Its only ally is the species Zoxopterigium 
Sagotii hoki, indigenous to French Guiana. 

It furnishes a timber of reddish aspect and of exceptional hardness, 
whence its name " quebracho " (Quiehra hacha), very straight, without 
knots, having good dimensions in bulk, rarely exceeding 2 6 ft.- in length. 
It offers great resistance, and is of almost unlimited durability. Its 
specific gravity is 1"35 ; for very old wood it falls to 1-27. It is owing 
to the absence of pores, stopped up by incrustated matter, that it owes 
its great specific weight. 

Per cent, of Tannin. 
Its bark contains from . . ... 6 to 8 

The sap ,, „ 3 „ 4 

The heart „ „ 19 „ 22 

This tree has the peculiar phenomenon of producing tannin in its 
bark, like the oak chestnut and so many other trees ; and, like them, it 
also contains some in its sapwood, and moreover of storing it, in a 
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concentrated state, in considerable quantity in the whole of the central 
part of the wood. At the same time there is produced in the liber of 
the bark, a gum having the characteristics of gum-arabic, which can be 
gathered by making incisions in the bark. 

This gum also becomes concentrated in the centre, and is charged in 
its passage with all the tannin produced, so that it is tannin gum whicli 
is stored in the central part of the wood. As the heart of the 
quebracho represents two-thirds, and often three-quarters, of the total 
quantity of wood, the amount of tannin contained in this variety is con- 
siderable. This gum is a remarkably useful companion to the tannin ; 
it coats it like varnish, and prevents it from deterioration. 

The tanning and other industries are beginning to find in this tannin 
a valuable agent. 

Moreover, dyers employ it as a colouring matter ; for this tannin, 
the colour of which is brownish red, is coloured bright red by acids, and 
takes tints varying from red to black, with certain bases, such, for 
example, as the oxide of iron. The gum may at the same time serve to 
fix the colours upon the cotton fibres. 

The extraction being able to be made by water is most economical. 
For a long time past the local tanners ; have employed the wood, in the 
state of coarse sawdust, for the tannage of leathers. As the effect of a 
propitious climate and of the energetic action of this tannin, bullock-hides 
are tanned in seven to eight months, giving leathers whose impermeability 
renders them of admirable quality. 

Quebracho wood has the valuable quality of being preserved 
indefinitely in the soil and in soft or salt water. 

Coasting vessels of the Parana and Uraguay rivers built of this 
wood last a long time. 

It is moreover employed, to the exclusion of all other wood, as 
sleepers by the State and by the railway companies of the Argentine 
Republic. The net price of the quebracho cross-piece is higher than 
that of the oak, but the durability is a recompense for the increased 
cost. 

BRAZIL. 

The woods and forests of Brazil, spread in compact and incalculable 
groups in these countries which occupy a fifth of the surface of the 
globe and more than three-sevenths of South America, are especially 
characteristic to the south of Eio de Janeiro, in the provinces of 
San Paulo, Parana, Santa Catharina, Rio Grande do Sol ; to the north 
in the provinces of Bahia, Ceara, Maranhao, Para, and Amazon. 
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As a general rule, Brazilian timber is admirably adapted for ship- 
building and house-carpentry. It provides commerce with the richest 
and best varieties ; to medicine, dyeing, to the arts the most important 
resources ; and lastly, is the source of very nutritious products consumed 
upon the spot or exported. 




L CoMia 



Fig. 110. — Mauritia flexuosa. 



The region where this marvellous flora attains its highest point of 
development occupies the immense basin of the Amazons. 

Upon the lakes of this superb region the Victoria regia is displayed ; 
on river-banks the cacao and caoutchouc form imposing groups ; further 
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on, the copaiba, rosewood, and other exquisite varieties are extended in 
vast forests. 

At the time of the freshets, the floods carry away considerable 
quantities of this valuable wood, which only requires the trouble of 
gathering. 

An abridged enumeration of the principal Brazilian woods, with a 
description of their properties, will now be given. 
Almecega {Idea). 

Trunk about 33 ft. high, with a diameter of about 3 ft. 3 in. The 
wood is very resinous, and this resin is in demand in medicine and the 
arts. It grows in abundance in the provinces situated to the north of 
Eio de Janeiro. 

Andiroba {Garapa Guyanensis). 

This is a tree of more than 42 fb. in height, having a diameter 
exceeding 6 \ ft. It grows in the northern provinces ; the wood is 
employed in building ; the bark and seeds, which are oleaginous, are also 
used in commerce .and medicine. 

Arueira do Campo {Schimus antarthrilua). 

This is a beautiful tree. From its bark, which is strongly astringent, 
a febrifuge principle is extracted. The timber, which is rather resinous, 
is extensively employed : it is one of the best of Brazil. 
Bacupary {Platonia insignis). 

This is a tall tree, the straight trunk of which attains a height of 
65 ft. and 6 J ft. in diameter. It grows in the provinces of Maranhao, 
Para, and Amazons. The timber, which is hard and a little elastic, is 
employed in civil and naval buildings. The fruit of this beautiful tree 
is large and comestible ; excellent sweatmeats are obtained from it. 
Becuiba {Myristica Bicuiba). 

This is a high tree, adapted for buildings and joinery; from the 
kernel of the fruit a fatty matter is extracted, which is used in skin 
diseases. 

Cajueiro Bravo {Guratella Gamhaiba). 

This is a tree of ordinary dimensions, whose wood has an undulated 
grain, like that of the Catucahem, and this property makes it very 
useful in joinery-work and building in general. The leaves are rough to 
the touch, and are used for polishing delicate joinery-work. It abounds 
in the plains of the interior and northern provinces. 
Carnauba {Gopaifera cerifera). 

This is a very renowned palm-tree, giving by itself the most 
remarkable collection of products which a plant can furnish. The fruit 
and the nut give a very healthy food and a nutritive beverage. The 
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leaves are covered by a_ pulverulent, dry matter which furnishes wax ; 
they also serve to make impermeable roofs. Transformed into threads, 
they are employed in the manufacture of cords, strings, harnesses, hats, 
mats, brooms, straw-mats, and paper. The timber is very valuable : it is 
very hard, elastic, of a reddish-yellow colour, with a black vein, fit for 
building purposes and joinery and cabinetmaking-work. 

Castanheiro (Bertholletia excelsa). 

This is" one of the tallest trees in Brazil. Its timber is compact and 
very hard, and is largely employed in building. Its bark produces an 
excellent oakum (adapted for the calking of vessels), and a valuable oil. 
This species grows in the valley of the Amazon. 

Cedro (Cedrela Brasiliensis). 

This is a beautiful tree, of remarkable height. The trunk often, 
attains a diameter of about 13 ft. It is met with in all the provinces 
to the north of Eio de Janeiro, and especially in the Amazon valley, 
where it reaches the largest dimensions. 

Cumary (Aydendron Cuyumary). 

This is a tall tree. Its timber is employed in civil and naval 
constructions, as well as in joinery. Its seeds, which are odorous, are 
used by pharmacy. 

Embira {Zylopia). 

This is a medium-sized tree. The wood is hard, very strong, and fit 
for building purposes. The fibres of the bark are largely employed in 
the making of cords and coarse tissues. This tree is frequent in almost 
all the provinces of Brazil. 

Genipa peiro (Genipa Brasiliensis). 

This is a rather tall tree, which is utilised for the making of lathe- 
work, wheels, and pulleys. Its wood is compact and very hard, and, 
owing to its properties, it is largely employed in buildings. Its fruit is 
edible. This tree is met with in all the Brazilian provinces. 

Iri (Astrocarium Ayri). 

This is a rather tall palm-tree. Its wood is extremely rigid, and is 
employed in the making of different objects of marquetry and joinery. 
A vinous juice is extracted from the trunk, which is appreciated in the 
interior of Brazil, where drought is very frequent. The fruit of this 
useful palm-tree is agreeable and very nourishing. 

Jacaranda (Machmrium). 

This is a tall tree ; the timber is usually of a blackish -red tint ; it 
is one of the hardest and most compact known, and is generally in 
great demand for building purposes, joinery, marquetry, and lathe-work. 
It is the Violet Ehony. Under this name several varieties of trees are 
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known, some of which belong neither to this genus nor to this family. 
They inhabit the provinces situated to the north of Eio de Janeiro. 

Jacariuba (Galopyllum Brasiliefisa). 

This is a tree of immense height, the trunk of which is often about 
1 ft. in diameter. It is made iise of in building and for joinery-work. 
A yellowish balm is extracted from it, of aromatic odour and of harsh 
and bitter savour. 

Jaqueira (Artocarpus integrifolia). 

This is a tree having large dimensions, whose diameter often exceeds 
3 ft. 3. in. Its timber is hard, of a beautiful yellowish tint, adapted for 
civil and naval constructions, being specially employed in coasting 
vessels. The fruit is sometimes Ih ft. long, and contains farinaceous 
seeds enveloped in a thick pulp, which is soft and highly perfumed. 

The Jaqueira is not a native of Brazil, though it grows there in 
abundance. 

Jutaby {Hymencea). 

The height of this tree varies from about 50 ft. to 80 ft. ; its 
diameter often attains 6| ft. The timber, which is very hard and com- 
pact, is highly prized ; it is not attacked by worms. Beautiful planks are 
made from it. These are the trees, particularly the agu and cica varieties, 
which furnish the balm-resin known in commerce under the name of gum 
or copal resin. They are found in almost all the Brazilian provinces. 

Mangabeira {Hancomia speciosa). 

The wood is compact and hard. The juice which is extracted from it, 
when it is in a coagulated condition, has all the properties of caoutchouc. 
This tree grows in the interior and in the northern provinces. 

Massaranduba (Mimusops elata). 

This tree is about 80 ft. high, and its trunk has a diameter of 
about 10 ft. It furnishes, by incision of the trunk, a milky juice of a 
white colour, rather sweet, savoury, and nourishing, which is used in this 
state as milk, even with tea or coffee. It becomes coagulated at the 
end of twenty-four hours into a white elastic mass, similar to gutta- 
percha ; the bark is very rich in tannin. The timber, which is one of 
the hardest, is employed in civil and naval constructions and in joinery ; 
its milk is utilised in the household, and the bark in dyeing. This 
tree, which is one of the most valuable known, grows in the provinces 
situated to the north of Rio de Janeiro. 

Pao d'arco {Tecoma speciosa). 

This is a high tree, attaining a height of about 100 ft.; the trunk is 
often more than 10 ft. in diameter. The wood is very hard, compact, 
and elastic. It is highly esteemed, and is found in almost all the provinces. 
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Pao precioso {Mespilodaphne, pretiosa). 

This is a tree of average height. The wood is very hard, compact, 
and has a beautiful grain; it is used for building purposes. It grows 
preferably in the dry soil of the Amazon province. The bark, seeds, 
and wood are odorous. It is extensively used in perfumery. 

Pao santo {Cumheira). 

Of average height, the wood of this tree is black, very hard, and of 
great density. It is considered as one of the best of the north of Brazil. 

Pao violeta (Maehcerium violaceum). 

This is a rather tall tree, whose trunk is rather thick. Its timber is 
hard, compact, and of a beautiful colour. It is employed in furniture- 
making and for delicate cabinetmaking purposes.. It is a native of the 
Amazon Valley. 

Seringueiro {Syplwnia elastica). 

This tree has a height varying from 33 ft. to 66 ft., and the trunk 
often attains a diameter of 6 1 ft. It furnishes, by incision of the trunk, a 
large quantity of gum-resin, which, upon coagulating, becomes the elastic 
substance well known under the name of caoutchouc or elastic gum, so 
universally employed. The wood is only of mediocre quality. It is the 
same tree as the Hevera Guyanensis. 

Umiry {Humirium.' florihundum). 

This is a tall tree, whose wood is employed for buildings. There is 
distilled from the bark and wood a balm of yellowish colour, limpid, and 
of an agreeable odour, employed in medicine as Peru balsam. 



FRENCH GUIANA. 

This colony is one of the richest countries of the world in building 
wood, transport of which is facilitated by the numerous water-courses. 
The principal varieties met with in the country may be classed as 
follows : — 

AETOCAEPEiE. 

Bagassa Guyanensis. 

Bagasse: tree of large dimensions, very straight and excellent for flooring. 

Weight: dry, 0-745; green, 1130; strength, 215 kilos. 

Piratinera Guyanensis. 

In England this is known as " Letter wood," or speckled -letter 
wood. It is one of the most beautiful woods known ; but the small 
dimensions of the speckled part and its high price limit its employment 
to marquetry and to small furniture de luxe. 



AMERICAN TIMBER iS7 

The interior of Guiana contains a large quantity of these trees. 
Specific weight: dry, 1-049; green, 1'162; strength of resistance 
to breaking, 340 kilos. 

BlGNOMACEiE. 

Tecoma leucoxylon {Orean Ehony). 

This is the Quirapaiba of Brazil ; three varieties of it are found at 
Guiana : the green, grey, and black, largely distributed in the forests. 
Their grain is fine and serrated ; on account of their durability, they 
are highly in demand for building purposes. The green ebony of Guiana 
changes greatly as a result of long exposure to air, and is scarcely 
recognisable at the end of some years. 

Specific weight: dry, 1'211 ; green, 1'220 ; strength, 481 kilos. 

BURSEEACB^. 

Icica altissima {Bagasse, or White Cedar). 

Wood of large dimensions, of excellent quality for cabinetmaking 
and for canoes. It is often difficult to procure it, for this tree is con- 
sidered fetich by the indigenous tribes. 

Specific weight: dry, 0'842 ; green, 1-036; strength, 226 kilos. 

CEDEELACEiE. 

Cedrela Guyanensis {Female Aeajou). 

This is a tree of large dimensions, common at Mana and in Oyapok. 
It is good, especially for the interior of household furniture, as termites 
(white ants) do not attack it. The Indians carry every year large 
quantities of it to Cayenne. The bark is used as a bitter tonic. 

Specific weight: dry, 0-349; green, 0-894; strength, 80 kilos. 

Cheysobalane^. 

Acioa Guyanensis. 

This is the " Water Copie " of Surinam. Close-grained wood, of 
good quality, very well adapted for railway work and for shipbuilding, 
for which it requires to be lined with copper. In spite of the dis- 
agreeable odour which it exudes, it is employed exclusively at Surinam 
in the building of houses. Its fruit contains an almond which is 
agreeable to the taste, and which gives an oil analogous in savour and 
fluidity to that of filberts. The ash of the wood enters into the 
composition of Indian potteries. 

Specific weight : dry, 0-819; green, 1-063; strength, 179 kilos. 
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EuPHORBIACEiE. 



Hevea Guyanensis {HM) (Caoutchouc). 

This is a tree with white coarse-grained wood, furnishing the 
caoutchouc of commerce. The Galibis eat the seeds. 

Specific weight : dry, 1'038; green, 1'175; strength, 317 kilos. 

HuMIEIACEiE. 

Myriodendrum amplexicaule {Red or Incense Wood). 

This is a large tree, whose timber is frequently employed in buildings, 
providing the ribs for naval constructions. It gives the balm-resin houmiri. 

Specific weight: dry, 0'662 ; green, 0'856 ; strength, 186 kilos. 

Incertae sedis {Bitter Wood). 

This is, useful for the making of planks, beams, railway sleepers, 
pins, etc. 

Specific weight: dry, 0'769 ; green, 1"142 ; strength, 170 kilos. 

Panapi. 

This is largely used in carpentry ; a red dye-stuff is extracted 
from it. 

Red Ebony. 

Good wood for building and cabinetmaking. 

Mincouin. 

Hard, compact, and incorruptible wood, good for railway sleepers. 
The boiled shavings give a black dye, which takes very well on cotton. 

Specific weight: dry, 0'952; green, 1"135 ; resisting strength, 347 
kilos. 

LAURINEjE. 

Aniba Guyanensis. 

Yellow cedar ; employed in making of planks. 

Specific weight: dry, 0'489; green, 0'606, resisting strength, 145 kilos. 

Licaria. 

Male rosewood, hard, compact, and incorruptible, not attacked by 
cappanus. 

Specific weight: dry, 1'108; green, 1-225; strength, 361 kilos. 

Laurus. 

Cinnamon wood common to Guiana, heavy, of cinnamon-like odour, 
not attacked by insects, of rather large dimension, employed for railway 
sleepers and naval constructions. 

Specific weight: dry, 0'801 ; green, 1-070 ; strength, 184 kilos. 

Nectandra pisi. 

Black cedar. This is a rather common wood, of large dimensions, 
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valuable for building purposes ; it is incorruptible and resists insects, 
supple, firm, and light ; it is appreciated for the side-plauks of ships. In 
working with it copper nails should be used, as the special acid which 
it contains quickly eats away iron. 

Specific weight: dry, 0-648; green, O'SIS; strength, 159 kilos. 

Leguminous. 
Dipterix odorata. 

Guaiacum of Cayenne. This is a tree of large dimensions, common 
in Guiana. Hard and solid wood, eminently durable and better capable of 
withstanding than any other strong pressure ; its bean serves to flavour 
snuff. The Galibis make necklaces from these beans ; the bark and 
wood are employed as a substitute for medicinal guaiacum. The leaves 
contain an aromatic oil. 

Specific weight : dry, 1-153; green, 1-213; strength, 385 kilos. 

Hymenaea courbaril. 

This tree abounds in Guiana. Its trunk attains, without ramification, 
a height of 7 8 ft., with a diameter of from 6 J to 1 ft. On becoming old 
it assumes a mahogany colour, and provides beautiful curves for use in 
naval constructions. The Indians make canoes with its bark, and they 
eat the farinaceous pulp which encloses the seed. 

Specific weight: dry, 0-904; green, 1-191 ; strength, 333 kilos. 

Dicorenia paraensis {Angelica). 

This timber is of first quality and of large dimensions, standing in 
high estimation, especially for naval constructions. Cappanus and insects 
do not attack it. It is also employed in joinery. This timber is common 
throughout the whole of Guiana, and provides planks with a length of 
from 50 ft. to 65 ft. Three varieties are known : black, red, and white 

Specific weight: dry, 0-746 ; green, 0-851; strength, 215 kilos. 

Copaifera bracteata {Violet Wood, Amaranth). 

This tree is of large dimensions, and very common in Guiana ; it is 
adapted to every kind of construction. Furniture is made from it whose 
colour varies from brownish to blackish purple, and even black. Its 
timber, whose durability, elasticity, and solidity will stand every test, is 
employed in English Colonies in the making of artillery platforms. 

Specific weight: dry, 0-771; green, 0-967; strength, 231 kilos. 

Andira aubletii ( Wacapou, Ear of Corn). 

This timber is incorruptible, and not attacked by insects ; it is 
renowned for its strength and durability, excellent for naval constructions, 
cabinetmaking, and railway sleepers. It is rather common in Guiana. 
Specific weight: dry, 0-900; green, 1-113 ; strength, 304 kilos. 
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Robinia panacoco. 

This tree often reaches a height of 50 ft., with a diameter of 8 ft. 
Its timber, which is black, with white sapwood, is very compact • and ex- 
cellent for cabinetmaking. It is incorruptible, and is useful for making 
palisades. The bark is employed in making sudorific medicinal drinks. 

Specific weight: dry, 1'181 ; green, 1'231 ; strength, 400 kilos. 

Bocoa Pouacensis (Boco or Coco Wood). 

The heart is blackish brown, the sapwood clear yellow. The wood is 
hard, compact, of large dimensions, rather common, and formerly highly 
esteemed in France for cabinetmaking de luxe. 

Specific weight: dry, 1'208 ; green, 1-234; strength, 402 kilos. 

MELIACE.a3. 

Xylocarpus carapa {Red Carapa). 

The ease with which this wood splits is the reason of its being 
employed in the making of laths. The Carapa furnishes a thick and 
bitter oil, with which the natives cover their bodies to keep off the 
insects, and which is also useful in soapmaking. Its bark is commended 
as a febrifuge. It is very common in the Cachipour district. 

Specific weight: dry, 0'659 ; green, 0'882. 

Palm-Teees. 

Guiana contains a number of varieties of these, amongst which may be 
mentioned : the Cocoa-tree, Macoupi, MacavJ Palm, Maripa, Mocaya, Comon, 
Bonn, Bamboo Palm, and the Date-tree. 

Ehizophoee^. 

Rhizophora mangle {Red Mangrove-tree). 

This tree covers, with the white mangrove, all the shores of Guiana. 
Its wood is largely employed for naval constructions, and its bark is 
useful in tanning. 

Specific weight: dry, 1'017; green, 1'218; strength, 297 kilos. 

SAPOTACBiE. 

Mimusops Balata {Red or Bleeding Balata, Galihis Batata). 

This is a very large tree, excellent for thole-pins and compressed 
wood ; it is common in the virgin forests ; the fruit is edible. The sap 
gives a sort of gutta-percha which is highly esteemed, not brittle in cold 
weather, and especially adapted for covering submarine electric cables, as 
likewise for the making of surgical instruments. 

Specific weight: dry, 1'109; green, 1'232 ; strength, 353 kilos. 
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Sideroxylon (Ironivood). 

The name " Ironwood " is also given in the colony to the Mouriria, 
a tree having very hard wood, though small dimensions. Different 
Sapotacete also have the name of small-leaved " Balata " and mountain 
Balata. 

SiMAEUBACEiE. 

Simaruba officinalis. 

Wood similar to the pine in quality ; easily v^rorkable. 

Quassia amara. 

Cayenne quinine ; tender and light wood, not attacked by insects. 

VERBENACBiE. 

Avicennia nitida ( White Mangrove). 

Tall and straight timber, employed for small masts, though a little 
heavy ; the heart of the old trunk is excellent for piles in briny mud. 
Specific weight: dry, 0-768; green, 1-104; strength, 146 kilos. 

Zygophylle^. 

Green " Brimstoned " Ebony. 

This wood contains principles curious from a scientific point of 
view. One of these principles is colourless and crystalline ; another 
is of a beautiful golden yellow in the crystallised state. This wood is 
employed in pharmacy in America. 

MEXICO. 

The cultivation of immense Mexican forests, stocked with the most 
various and richest varieties, has up to the present time been conducted 
imder deplorable conditions. 

The fellings, made at random — without care and without rewooding, 
without previous selection of the trees— have resulted in an enormous 
wasting away of one of the most considerable sources of wealth of this 
country. 

Around the centres of population, notably in the vicinity of the 
capital, which was formerly surrounded by secular forests, the denuda- 
tion of trees has been complete, and at present, in the Mexico valley, 
only rare clusters of trees are found. It is only in the more distant 
regions that forests are found, now confined to the slopes of the mountains 
surrounding the large valley. 
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But, in spite of this large waste, there still remains a forest wealth 
capable of exploitation, compared with which that portion already exploited 
is, in reality, of small account. 

Mexico contains a very large quantity of different varieties ; five 
hundred names of different timber could be cited, all having some com- 
mercial interest. It is not proposed to enter upon such an enumeration, 
which would, moreover, only be, in part, a recapitulation of the numerous 
descriptions already given. 

TIMBER OF MARTINIQUE. 

Martinique possesses an abundance of timber for building purposes, 
cabinetmaking, and dyeing, but lacks the means of communication, and 
the steepness of wooded places makes exploitation difficult. 

This colony has about 50,000 acres of forests, comprising the most 
various varieties, the principal of which will be given. 

Amaryllide^. 
Agave Americana. 

Tinder wood ; the flower - stalk serves in the setting of razors, 
replacing cork for a variety of usages. 

Amygdale^. 
Prunus sphoerocarpa. 

Cabinetmaking wood, employed for small furniture. Very common 
in the communes of St. Luce and of the Eiver Pilote, as well as in the 
woods of the centre of the island. 

Anacaediace^. 
Western Anacardium. 

Fruity acajou, common throughout the isle ; the fruit is edible. 

Apocyne^. 

Plumeria alba. — ■ White plumeria. 

The timber of this tree is well adapted to marquetry-work. 

Nerium oleander. — Bose-lawrel — common. 

Aetooaepe^. 

Artocarpus incisa. — Pine-tree. 

This is a tall tree, whose wood (which is yellow) can be polished 
beautifully, and is highly esteemed in cabinetmaking. Its fruit, roasted 
or cooked in the oven, constitutes the principal nourishment of the 
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Oceanians. It is an incorruptible variety, and very common in the 
island. 

AURANTIACEvE. 

Citrus aurantium. — Orange-tree. 

This is a very common cabinetmaking wood. 

BiGNONIACByE. 

Bignonia pentaphylla. — Pear-tree. 

This is a cabinetmaking timber, employed for furniture and in 
demand for carriage-work. It is very common. 

Bignonia. — Brownish-green Ebony. 

Cabinetmaking wood ; the tree which produces it is rather common 
in the island, except in some communes of the south. 

Catalpa longissima. — Antilles Oak. 

Its qualities are similar to those of the European oak. 

BUKSEEACE^. 

Bursera balsamifera. — Gum-tree. 

Is useful in the making of canoes and oars. 

Cedrelace^e. 

Cedrela odorata. — Female Acajou. 

This is an excellent wood for cabinetmaking, and the bark is used as 
a febrifuge. It is rather common in the communes of Precheur, of the 
Eiver Pilote, and of Lamentin. 

Clusiace^. 

Colophyllum calaba. — Galha. 

This is a beautiful resinous tree, adapted for masts and carriage- 
work. An abundant oil can be produced from the seed, which is useful 
both in painting and varnishing. It is very common in the island. 

Mamraea Americana. — Native Apricot-tree. 

This is a fruit-tree about 50 ft. high; its wood is white and gummy, 
and easily cracks ; it provides staves and girders. The flowers serve in 
the making of liqueurs. 

COMBRETACE^. 

Terminalia catappa. — Native Almond-tree. 

White and very hard wood ; a rather tall tree. The almonds are 
edible, giving an oil which does not go rancid. It is very common upon 
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the coast, especially in the neighbourhood of the towns. This tree has 
been introduced from the Indies to the Antilles. 

CONIFEKE^. 

Thuja orientalis. 

This is rather numerous in cemeteries. In the country its wood is 
not used. 

COEDIACEiE. 

Cordia gerascanthus. — Cypress Wood. 

This is highly esteemed for cabinetmaking, and is extensive through- 
out the colony. 

Ebenace^. 

Diospyros mabolo. — Mabolo. 

Incorruptible wood ; there are a large number of representatives 
scattered throughout the country. 

EtrPHORBIACEiE. 

Hyppomane mancinella. — Mancanilla. 

This wood will take a beautiful polish, but it is little used on 
account of the venomous juices which it contains. It is, however, ex- 
cellent for cabinetmaking. This tree is very common in the south of 
the island, where, however, good specimens are rather rare. The sap 
(which is milky) and the fruit have toxic properties. 

HOMALINE^. 

Homalium racemosum. — Acouma. 

Incorruptible wood, good for water-wheels and buildings under water. 
It is very straight, and common in the forests of the island. 

Taurines. 

Nectandra sanguinea. — Mountain Laurel. 

Light wood, for planks and staves. It is a very common tree in the 
northern forests of the island. 

Nectandra concinna. — Marble Laurel. 

This wood is in demand in cabinetmaking for beds, cabinets, book- 
cases, and flooring. 

Leguminous. 

Agati grandiflora. — Vegetable Colibri. 

Soft and light wood, good for the making of common planks. The 
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Indians eat the seeds. The Javanese use the leaves as tea, and the 
gum is employed in China in dyeing. The seed gives a tree in the course 
of a year. 

Adenanthera ^a.-vomaa..^Gondori, or Peacoclc's Eye. 

Large and beautiful tree ; good for furniture and carpentry. The 
seeds, which are red, are used for necklaces. 

Hymencea courbaril. 

This is an excellent cabinetmaking wood, very extensive in the 
vicinity of water-courses. 

Haematoxylon campechianum. — Logwood. 

Hard, heavy, and compact wood, adapted for furniture-making, 
and almost exclusively employed in dyeing. The bark and gum are 
used by the medical faculty as astringents. The tallest trees are met in 
the communes of St. Esprit and the River Pilote. 

Acacia bucocephala. — " Wrapper " Macata. 

This is a pretty marquetry wood, common in the vicinity of St- 
Pierre, but seldom of a diameter sufficient to permit a profitable 
exploitation. 

Ingadulcis. — Sweet Wood. 

Beautiful tree, with white and hard wood, excellent for building ; its 
bark is astringent ; the negroes boil and eat the fruit. It is very 
common in forests which are at an altitude of from 900 to 1000 ft. 

Copai'fera officinalis. — CopahiL — Rather rare. 

MAGNOLIACEiE. 

Talauma plumieri. — Pine Wood. 

Largely employed in building and marquetry ; when it is old, this 
wood is as black as ebony. 

MaLPHIGIACBjE. 

Malphigia punicifolia. — Cherry-tree for marquetry. 
Byrsonima spicata. — Tan Wood. 

Good for joinery and buildings ; in the colony the bark is used in 
tannage. 

Malvace^. 

Thespesia populnea. — Catalpa. 

Excellent carriage wood ; the seeds are oleaginous. 

POLYGONE^. 

Cocoloba pubescens. — Large-leafed Raisin-tree. 

The trunk of this tree, common in the Lamantin forests, possesses the 
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advantage of being very straight, even to a great height. It provides 
an excellent cabinetmaking wood. 

EhIZOPHOREjE. 

Rhizophora gymnorhiza. — Mangrove-tree. 

Good carpentry wood ; its bark serves as a black dye. It is very 
common upon the littoral of the communes of Fort de France, Lamentin, 
and of the Briny Eiver. 

EUBICEiE. 

Chimarrhis cymosa. 

Tall tree ; its wood can be bealitifuUy polished ; it is useful for 
furniture-making. It is rather common in mountain ravines, and upon 
the banks of streams. Its timber is much sought after. 

Exostema floribundum. — Quinquina. — Tobacco wood. 

This tree is about 50 ft. high, with a diameter of about Ij ft. It 
possesses febrifugal properties, but its bark contains an emetic and cathartic 
principle which makes its use difficult ; it serves, however, in dyeing. 
Its wood, employed in the building of huts, is incorruptible. It is rather 
plentiful in the commune of St. Luce. 

SiMARUBEjE. 

Quassia amara. 

This is not employed as wood ; the tree was introduced from Guiana ; 
it is rather extensive in the neighbourhood of St. Pierre. The bark and 
wood are tonic, bitter, and febrifuge. 

Bittera febrifuga. — ^Both wood and bark are tonic. 

Sterculiace^. 

Ochroma lagopus. — Floating Wood. 

This tree, rather plentiful in the communes of the north of Mar- 
tinique, usefully replaces cork in a number of ways. Its fruit, known 
under the name of patte-de-lievre (hare's foot), furnishes wadding and 
eider-down. 

TlLIACE^. 

Sloanea Massoni. — Oocoa Chestnut-tree. 

Suitable for the making of planks. It is found at an altitude of 
about 1250 ft. 

Verbenace^e. 

Vitex divaricata.— Lizard Wood. 
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Useful for planks and small furniture ; this beautiful tree, which 
sometimes acquires an enormous diameter, is common in the colony. 

Zakthoxyle^. 

Zanthoxylon tragodes. — Fagara tragodes. — Nut-tree. 

This timber is adapted for cabinetmaking, diffusing a very agreeable 
and persistent odour ; it is largely employed for the making of glove- 
boxes. 

Zanthoxylum caribceum or fraxineum. — Clavalier. 

This is a thorny tree of average size, in demand for building. Its 
bark dyes yellow, and was for a long time recommended as an excellent 
febrifuge. It is very common in Martinique. 

GUADALOUPE. 

Guadaloupe still contains a rather large quantity of timber in its 
mountainous regions, its forests covering a superficial area of about 
87,500 acres. 

The green ebony, the laurel-rose of the Antilles, the walnut-tree, 
logwood, and almost all the species of Martinique, grow in abundance 
there; but, owing to the scarcity of roads, there is only a moderate 
commerce in timber. 

In addition to the cabinetmaking timbers, there exists in the colony 
a large variety of wood adapted for carpentry, carriage-work, and even 
timber of the very largest dimensions for shipbuilding. 

UNITED STATES. 

A detailed description of the forest wealth of the extensive American 
Republic would carry us a great deal too far. According to the latitudes, 
the majority of the varieties which have been already noted are found 
in these countries. We will, therefore, limit ourselves to saying a few 
words as to one of the States which is the richest from the forest point 
of view. 

The State of Maine still possesses 40,000 square kilometres of forest. 
But for fifty years, as in many other countries, the forests of the 
country have been laid waste in a deplorable manner. The gigantic 
white pine, which was so valuable, has become very rare. However, 
some white pines, measuring in diameter about 6^ ft., and in height 
about 240 ft., can still be found in certain parts of Maine. 

The yellow pine — a tree none the less beautiful, and which grows 
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in Maine — almost acquires the dimensions of the foregoing ; its wood 
is harder, and the grain is closer ; it is usually employed for the decks of 
ships. 




Fig. 111. — Californian ■Wellingtonia. 



Norwegian pine is smaller, but the branches are more extended. 
The wood is close-grained and the bark coarse. 
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The resinous pine {pitch pine) is found in some parts of Maine. It 
is employed as a combustible to develop a high temperature. 

Outside of the different species of pine, the most important varieties 
found in the forests of this State are the elm, platane, maple, beech, 
then, in decreasing proportion, the oak, birch, lime, and ash. Among 
the smaller trees, the larch, cedar, fir, poplar, and wild cherry-trees are 
especially found. 

The principal forms under which the timber is put into commerce 
are as beams, planks, and logs. 

Coarser pine wood has taken the place of that of the first-class 
or white pine, which has principally disappeared ; the best timber actually 
obtained upon the banks of the Penobscot, Kennebec, and other large 
rivers is that from the fir-tree. 

The principal timber market of Maine is always at Bangor, upon 
the banks of the Penobscot. 

Planks about 100 ft. long and 6 J- ft. broad without a single knot 
are the current merchandise. These planks are obtained from gigantic 
fir- trees.) - ^vv m> 

The forests producing these firs are so vast that, although the saw- 
mills of the neighbourhood have sold 500 million ft. of lumber per 
year for the last ten years, the voids made by this vast consumption hardly 
seem to have left any trace beyond the formation of forest paths. 

In general it may be said that the United States are especially 
favoured, from the point of view of the production of building timber. 
Their stock of this article is practically inexhaustible, whilst in quality 
and variety these timbers are equal to those of any other country in the 
world. 

The immense enclosures of forests of the north-west alone are of 
sufficient extent to supply, for some time to come, the needs of a market 
whose importance is increasing without cessation. 

According to the last census, there were in the United States 
25,700 establishments devoted to wood-sawing, with a total capital of 
182,000 dollars. The manufacture of sashes of windows and doors 
occupied 1300 factories. 

When one considers the quantities of wood employed and the capital 
placed in the construction of ships and docks, in that of dwellings, 
waggons, carriages, tramways, carpentry machines, and in the innumerable 
industries into which wood enters largely, an idea will be obtained of the 
value and importance of the timber trade to the United States. 

In the year 1888 the exportation of timber rose to the figure of 
24 million dollars. 



170 



TIMBER 



CANADA. 

Instead of species peculiar to the country, Canada has specimens 
of all the species distributed over Europe ; the walnut, elm, red pine, 
ash, and the oaks especially dominate there. A country is thus recog- 
nised whose climate possesses the greatest analogies with that of Europe. 

However, American forests have a special aspect ; the leaves of 
the trees are, as a rule, not so deeply denticulated nor . so broad and 
petioled as those of their European congeners. As they fade, these 
leaves usually take more brilliant colours than the autumnal tints of 
our trees. The seeds have a smaller volume, the buds are not so 
numerous, and consequently spaced out more. But where the differ- 
ence is especially noticeable is the general aspect of the plants. The 
giants of the American forests have still fewer small branches and 
far more vigorous boughs, which naturally give them a much more 
irregular and wilder aspect than that of the trees of our woods. 

We cannot go into the enumeration of all the timber, belonging to 
the Canadian flora, the following only being cited amongst the most 
important: the maple, the clouded ash, the veneer of which can 
be compared to a cloth of gold, several varieties of oak, the clouded 
walnut, etc. 

Timber comes into the Canadian markets in the following forms : — 
Laths, staves, logs, spars, curved wood, shingles, and squared wood. 

The following are the specific gravities of the principal timber of the 
country : — 



Tulip 

White wood 
Hard maple 
Tender ,, 
Black cherry 
"White ash 
Black „ . 
White elm 
Tender walnut 
Black ,, 
Hard „ 



0-65 
0-45 
0-75 
0-60 
0-60 
0-60 
0-65 
0-65 
0-55 
0-60 
0-90 



White oak 


. 0-80 


Beech 


0-65 


Eed cherry 


. 0-70 


Poplar 


0-50 


Red pine . 


. 0-65 


Yellow pine 


. 0-50 


Fir . 


. 0-40 


Red fir 


. 0-60 


White fir . 


. 0-45 


Black „ . 


. 0-50 


White cedar 


. 0-35 



CHAPTER XL 

TIMBER OF OCEANIA. 

AUSTKALIA. 

The fauna of Australia is so different from that of other parts of the 
world that it appears impossible to consider this part of the globe as 
contemporary of the others. One would believe himself transported to 
the secondary or tertiary period. The plants present anomalies so 
that they resemble more those of the tertiary epoch than those of 
modern iimes. They present forms more ancient than those of con- 
temporary plants. 

More than nine-tenths of the varieties met with between the 33rd 
and 35 th degrees south of Australia are absolutely peculiar to these 
regions. 

Several constitute quite distinct families ; others form families 
which are scarcely represented upon other points of the globe. 

The Eucalyptus among the Myrhacece, the Acacia among the Legu- 
minous family, form, by their number and dimensions, about half of the 
vegetation covering these lands. 

The Eiwalyptus, which occupies so large a place in Australian 
vegetation, serves to shade, in the middle of woods, the tombs of savages. 

If to "the beautiful Eucalyptus and Mimosas predominating in the 
Australian forests are added the Xanthorrhea, with thick stem and 
narrow leaves ; the Casuarina, with long, pendant, weeping branches ; 
the Araucaria excelsa, which raises its trunk in the form of a column 
even to a height of about 100 ft.; and the elegant Epacridece, an idea 
will be obtained of the vegetable wealth of the Australian coasts. 

VICTORIA. 

In this portion of the Australian continent, constituting the colony 
to which the name " Victoria " has been given, the vegetation of the 
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Eucalyptus species makes room, up to a certain point, for the trees of the 
Indian type, with horizontal leaves and dense foliage. 

In this country the extent of the forest region forms a superficial 
area almost without solution of continuity upon the mountain slopes of 
the south and east. 

It is there where the Eucalyptus flourishes in all its grandeur, 
attaining enormous proportions. 

Amongst the most highly esteemed native trees is the Red Gum 
{Gommier rouge), a timber with very strong density, very hard, and of 
a very remarkable circular vein, and which does not offer the same dis- 
advantage as the Eucalyptus, namely, cracking. 

The Red Gum changes neither in damp soils nor in sweet or salt 
water. It is the most useful timber for the erection of machines or the 
building of houses. It resists considerable pressure. This wood has no 
equal for the construction of bridges and for railway sleepers. The 
piles made from the red gum, though rough and rugged, last twice as 
long as those made from any other wood. It is equally employed for 
the fellies of wheels. 

As firewood it has a great value ; it is considered superior to all 
others for its beautiful flame and the degree of heat which it develops. 

The Blue Gum, which is only found in the southern and eastern 
portions of the colony, grows in large proportions upon every kind of 
soil. It is very useful, not only as timber, but also for the oil which 
it produces, the exportation of which is enormous. 

The oil extracted from the Eucalyptus globulus, on account of its 
medicinal properties and tonic, stimulating, and antiseptic qualities, is 
largely employed in Europe. 

The liquid extracted from the leaves of this tree in the amorphous 
state is a febrifuge, easily arresting malaria. 

The wood of the blue gum is of a greyish-yellow colour, of straight 
vein, very dense and hard. It is specially useful on account of its 
flexibility ; it makes very good girders and saws easily. 

The Stringfy Bark {arhre h, icorce Jibreuse) has the appearance of 
boxwood, with a deeper tint. It is employed for palisades, laths, lattice- 
work, and barriers ; but it has a tendency to swell and rot. 

The Messinate is employed for stakes of second quality, barriers, 
laths, palisades, as well as for wheelmaking. 

The White Gum is that of the trees of the colony which is the 
least valuable ; it is scarcely suitable for fuel. 

Blood Wood (hois de suTig) is more especially found in, the eastern 
portion of Gippsland. ' ' 
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The Black Wood and the Light Wood grow upon rich soils, and 
in the damp earth of the high lands, where they attain large propor- 
tions. The wood of these trees is very valuable ; it is often employed 
in joinery, being of a pretty colour, magnificent grain, and polishes as 
well as walnut. Its strength and flexibility are qualities which are 
highly appreciated. 

The Murray Pine, magnificently marked, is constantly employed in 
the north of the colony, being highly appreciated at Melbourne. 

The Myall, a small variety of the preceding, diffuses an agreeable 
odour. It is principally used for making whip-handles, smoking pipes, 
and other turned articles. 

Iron Bark {icorce de fer), the hardest and heaviest of Australian 
timbers, does not grow in large quantities in Victoria; it is very 
tenacious and strong. Wheelwrights utilise it for making hand-barrows 
and fellies. 

The Wattle (lois tressi), from which staves are made, is largely 
employed by tanners and dyers. 

The Fern-tree and Pencil Wood (lois a craijon) have very limited 
usages. 

The soil of this part of Australia, where the Eucalyptus, with its oil, 
resin, and useful principles, produces potash, tar, varnish, alcohol wood, 
and bitter wood, would also be able to grow the platane, cork-tree, syca- 
more, and even the species of our Alpine regions. 



NEW SOUTH WALES. 

In New South Wales, which so admirably completes the network of 
the British colonies of Australia, all the varieties of timber found in 
the northern and southern districts of Australia are met with. 

The most iiseful of the four hundred species or varieties of trees 
composing the flora of this country are the following : — 

Ash, FliTidersia Australis. 

Beech, Vitex Leichhardtii. 

Cedar, Cedrela Australis. 

Iron Bark, Eucalyptus. 

Moreton Bay Pine, Araucaria Gunninghamii. 

Rosewood, Synoum glandulosa. 

Silky Oak, Gremllea robusta. 

Tulipwood, Owenia venosa. 
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NEW ZEALAND. 



In the large island Ika-na-Mawi enormous forests are found filled 
with convolvulus and shrubs interlaced, which render them im- 
penetrable. These forests include gigantic trees, from which canoes are 
made from a single piece of timber of about 65 ft. long. 

Along the coasts enormous marshy spaces are found, covered by 
a large group of green trees, of which the Bacrydium cupressinum and 
the Podocarjms dacrydioides form the principal varieties. 

Amongst the palm-trees may be cited the arborescent Draccenas, a 
conifer with large leaves, the Davimara, and amongst the Myrtacese 
some Metrosideros. 

NEW OALEDONIA. 

The forest resources of this colony are still rather extensive. The 
beautiful forests formerly covering this large island have for a long time 
been devastated by English and American commerce ; they require, in 
order to reassume their ancient splendour, to be submitted to forest 
regulations, energetically and intelligently directed. 

The commonest trees in this country are the Niaouli or Melaleuca 
viridifiora, the Banana-tree, the Bancoulier, Cocoa-tree, Orange-tree, 
Ricinus, Casuarina (or Ironwood), and Acacias. 

Bancoulier. 

The baiKoulier (Aleurites triloba) is the most extensive variety in this 
country, and the only one living in families in the mountain forests. 

This euphorbia, which attains in the Moluccas, its country of 
origin, only a medium height, assumes in New Caledonia a considerable 
development ; as a matter of fact, this tree may attain a height of 
about 60 ft., by a circumference at the base of 5 ft. The fruit is a 
fleshy drupe, generally formed by a single cell by lack of development. 
The seed is inclosed in a hard shell, which is charged with calcareous 
efflorescence upon getting old, when it has fallen upon the earth. It 
burns very regularly, and gives off great heat and a very thick black 
smoke. 

The nut of the bancoul usually weighs 1 grms. ; and a tree may 
bear about 2000 nuts. The oil extracted therefrom is limpid and 
brownish, being useful for painting and lighting purposes. It burns 
with a very clear bright flame; employed in painting, it dries very 
quickly, especially when it has been boiled. 
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To prepare this oil, the most primitive process consists in exposing 
the nuts to the sun for some hours. The almond, losing its water, then 
becomes easily detached from the shell in a single mass and at the first 
stroke of the hammer. These almonds (ground) are disposed in small 
heaps upon an inclined metallic plate ; the whole is exposed to the sun ; 
the oil comes away slowly, losing the water which it still contains, and 
flows through channellings of the plate into a vase, where it is 
received. It is afterwards filtered. The amount produced by this almost 
barbarous process is insignificant, hardly exceeding 6 per cent. By cold 
pressure the amount may be raised to 29 per cent.; by hot pressure 
it may reach 34 per cent. 

If the oil-cakes are treated afresh, the result may be 6 6 per cent. ; 
300 kilos, of nuts are therefore necessary to give 100 kilos, of almonds 
or 66 kilos, of oil. 

The growth of the bancoulier is rapid, and at the end of four years 
it commences to produce. 

Oil is not the only product extracted from this fruit ; a light-coloured 
gum flows from the bark of the tree which is of some value. Moreover, 
the nut-shells, treated with alcohol, give a deep red dye-stuff. 

The bark of the tree furnishes a brownish red or blackish dye ; it 
also has a good amount of tannin. An adult tree which has been 
felled may supply about 35 kilos, of bark, though it does not easily lend 
itself to barking. 

The timber is useful for packing and also for joinery-work, but 
after prolonged immersion in briny water it acquires good qualities, its 
durability is increased, and it may be of use in building. 

Banana-Tree. 

This is a type of the Musacese family. The native banana-tree 
{Musa fehi), or red banana-tree, grows in a wild state in the damp 
valleys of the central chain of the isle, near streams. The trunk of it 
is soft and as straight as a column, of a beautiful deep violet colour, with 
broad deep green marblings. The leaves are of a pretty green, slightly 
spotted with violet ; the fruit is edible when cooked. 

An incision into the trunk of this beautiful plant brings forth 
in abundance a deep violet liquid like ink, which contains a certain 
quantity of tannin, chlorophyll, a gum, and the ordinary principles of 
vegetable juices in general. Left to itself, this juice ferments without 
becoming decolorised ; even after prolonged boiling and having been care- 
fully bottled, it ferments and bursts the bottle. 
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In the presence of acids, this juice takes a very bright carmine tint, 
which changes rapidly upon exposure to the air. The bases com- 
municate to it a magnificent green colour, which eventually turns to 
greenish brown. With the addition of alcohol, this juice ceases to 
ferment. If a little gum is carefully added to it, it may serve as an ink ; 
the stains which it leaves upon linen resists washing with soda, and hence 
it can be employed as marking-ink. 

If, after long boiling, of the liquid in the presence of a base, some 
drops of acid are poured into it, a beautiful brownish-yellow dye-stuff is 
obtained, which dyes well without a mordant. The colouring matter 
of the niusa fehi can be precipitated, either by prolonged boiling or by 
pure alcohol. 

Writing traced with the juice of this tree quickly turns yellow, 
reddens on the application of acids, but without disappearing ; it soaks 
into the paper in such a manner that the decolouring products do not 
act upon it, unless by attacking the paper itself. This ink might there- 
fore have some very interesting applications. 

The sap of the musa fehi is without action upon litmus paper. 

Sulphuric, nitric, hydrochloric, oxalic, and tartaric acids poured into 
this sap give a carmine red liquid which dyes materials a bright rose 
colour when they are dry. 

Arsenious acid gives a violet liquid. 

Caustic potash produces a deep green liquid which, upon exposure to 
the air, becomes yellowish, and which dyes tissues a yellow ochreous 
colour. 

Soda gives a deep green liquid, with an abundant gummy pre- 
cipitate. 

Tartar-emetic gives an azure-blue lake. 

The produce per tree is from 6 to 8 litres when it is bled. But 
if, at the time of fruit-gathering, the tree is cut down and the trunk is 
passed to the press, 20 litres of liquid can be obtained. 

The banana can be preserved, cut in rings or sun-dried, like the fig 
or date. 

Quite ripe and placed to ferment in water, it gives a vinous 
beverage, sparkling, agreeable, and refreshing. This liquor, distilled, pro- 
duces banana brandy, the taste of which is rather agreeable. The yield 
is rather considerable, for with the ripe raw banana it amounts to 17 
per cent., and with the cooked banana it may reach 21 per cent. This 
yield is proportional to the volume of peeled fruit ; the waste is 
rather large, the fruit-skin forming as a rule a sixth of the total 
volume. 
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The magnificent silvery fibres of the banana-tree of New Caledonia 
was particularly noticed at the Universal Exposition of 1889. These 
fibres can be utilised in paper-making, as likewise in weaving, for they 
are silvery and supple. 

CocoA-NuT Palm. 

Of the Palm-tree family, Cocoineffi tribe, this variety contains trees of 
gigantic size, natives of India. It is found extensively in New Caledonia. 

The most remarkable variety is the common cocoa-tree, whose trunk 
may rise to an altitude of about 80 ft. It is crowned by a magnificent 
cluster of leaves of a beautiful green colour, in the centre of which is 
found a terminal bud. 

The fruits have, under a stringy husk, a nut of a ligneous tissue, 
which is extremely hard, and of slightly pointed oblong form. This nut, 
which is called cocoa-nut, encases a very white pulp, similar to a thick 
cream of very agreeable taste, and containing a refreshing liquor of milky 
colour and slightly sweetened. Upon ripening, the pulp of the cocoa is 
first changed into a white and succulent kernel, finishing, when the fruit 
is old, by becoming coriaceous and stringy. 

The yield of the fruit of the cocoa-tree, deprived of its shell, is about 
22 per cent, in oil. This fresh oil is excellent for the cuisine, but with 
age it acquires an insipid and disagreeable odour. It burns with a rather 
smoky flame, and may also be utilised in soapmaking. When it is left 
in the cool air, and especially in earthenware bowls, it forms a light, 
white, fatty mass, called " cocoa butter," which keeps well when wrapped 
in waxed-paper. 

It is this floating matter which thickens cocoa-oil, giving it a milky 
appearance. 

The natives strip the cocoa-nuts with wonderful rapidity. To 
remove the husk they drive a stick, pointed at both ends with hard 
wood, into the ground, inclined about 60°. They support their big 
toes against this wood, raise the nut with both hands, and throw it 
with force against this stick, which penetrates the fibrous husk. A 
simple reversing movement detaches a portion of this husk. In three" or 
four blows the nut is stripped, so that a man can prepare more than a 
hundred nuts an hour. The nut is afterwards broken, and the concave 
part is placed on a small board not quite so large as the average diameter 
of the nuts, rounded at the extremity in a semicircle and provided with 
sawing teeth. By rapidly turning the nut upon this very primitive 
instrument, the natives clear out the interior of the shell, whilst 
the pieces fall at their feet into a receptacle. By exposing the nuts 
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for some minutes in an oven, the kernel is easily detached from the 
shell by a blow of the hammer. 

Coprali is nothing else but the ripened kernel of the cocoa, coarsely 
cut into fragments and dried in the sun upon the ground. This product, 
though of mediocre quality, has an assured sale. 

Each cocoa-tree gives on an average eighty nuts per year. As a rule, 
700 trunks per hectare (2 J acres) can be planted, each nut producing 
600 grms. of coprah. 

If care be exercised in filtering the oils upon their coming from the 
presses after having precipitated the mucilaginous matters by sulphui'ic 
acid or by some other process, they become limpid, and are valued from 
a commercial point of view. 

The husk weighs on the average 800 grms. Beaten and combed 
after steeping, it furnishes cords, which are highly esteemed, light, 
and reputedly imputrescible. The meshes of these fibres are charged 
with a light substance as elastic as cork. Brushmakers find these 
fibres valuable for the making of brushes for rough work such as 
whitewashing. 

The fibres of the trunk of cocoa-trees may also be useful for making 
palliasses and light basket ware. By plaiting them, excellent cables can 
even be made. 

Lastly, very good spirits is made from the cocoa-milk. Indeed, 
the fruit of the cocoa-tree contains a liquid susceptible of fermenting and 
being transformed into alcohol. Cocoa-milk ferments rather quickly, 
and after two distillations gives about 5 per cent, of rather fine spirits, 
which improves with age. When cocoa-oil is prepared, this liquid, 
which flows the moment the nut is broken, can be gathered. The 
average quantity of milk contained in the ripe nuts is about ith 
litre. 

NiAOULI. 

The Niaouli (Melaleuca viridiflora) is the most extensive variety 
in New Caledonia, and that which has the best future. 

The leaves of this tree give a tincture and an essence which 
have taken a place in the French Pharmacopoeia. By distillation they 
also give off a brown and limpid oil and a chamois dye, which can be 
applied without a mordant. 

The wood, which is hard and supple, turns well, admirably suiting 
carriage-work. 

This is the only tree which in this colony permits herbage to 
develop under its shade. This is due to the fact that the leaves turn 



TIMBER OF OCEANIA 179 

their edge obliquely to the sun, and not horizontally, as a consequence 
of which their surface is perpendicular to the soil. The seeds, which 
are very light, are unfortunately dispersed by the wind, and multiply the 
young plants in such a manner as to choke the grass and diminish 
the value of the pasturage. 

The foliated buds present upon opening a cluster of fine silvery and 
silky leaves which give a stimulating stomachic tea, which is very 
aromatic. This tea diffuses a very agreeable perfume, approaching that 
of the rose. The preparation of this is most simple, all that is necessary 
being to gather, with care, the terminal buds, half-faded, and to allow 
them to dry in the shade. 

By successive distillations, the leaves of the niaouli produce a limpid 
and very mobile essence, of a penetrating odour, and at the same time 
a heavy, brown oil, very analogous to cajeput oil. The odour of 
turpentine, camphor, and essence of rose, with a trace of mint, are 
recognised in this oil. The perfume is sharp and penetrating. This 
oil is soluble in alcohol and sulphuric ether. It appears to enjoy the 
stimulating properties of cajeput oil, which is extracted from the 
Melaleuca cajeputi of the Moluccas. It can be employed as an embroca- 
tion for acute rheumatism. 

This oil, denser than the essence, sinks to the bottom of the vessel ; 
it is separated by decantation, and then filtered. The yield is small. 

The tincture, distilled afresh and then rectified, gives the essence 
of niaouli, which burns with a very white and sooty flame. The savour 
of it is sharp and burning; it produces, like turpentine, under the 
influence of a current of hydrochloric acid, a solid, crystalHne, white 
product, which resembles artificial camphor. 

This variety appears to be a very powerful antiseptic. 

The yield of niaouli leaves in essence is very variable, according to 
the seasons and the age of the leaves or trees. 

Oeange-Trbe. 

Orange-trees grow in New Caledonia with the greatest facility. 
They were imported from Tahiti in 1857, and since then have become 
rapidly acclimatised and multiplied. 

The products which can be extracted from them are very various : 
wine, alcohol, an essential oil from the leaves and from the peel of the 
fruit, Curasao, etc. 

The essential oil of the leaves is extracted by distillation. When 
the branches are cleared to permit of the air circulating and to arrest 
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development of the kermes (Lecanium hesperidium), which increase in 
slightly shady and damp localities, the leaves obtained may be used in 
the following way : — They are placed either in a sack with large meshes 
or upon a grill, so that the steam, in destroying the parenchyma, only 
carries away with it the essential oil with which the foliated glands 
are charged. The odour of it is delicate, and the yield, though rather 
small, varies from 1 to 3 per cent. One drop in a glass of water is 
sufficient to flavour it. 

The essence from the orange-peel is of relatively considerable yield, 
being on the average equal to 1 per cent. 

Extraction can be made by two processes: compression and distillation. 
A very simple and easily worked machine can be employed for this purpose, 
consisting in an endless band of linen, faced with fine cards, like the 
cards used in a spinning mill, and turning by the aid of two cylinders 
between planks. The linen is opened ; the oranges are placed in it 
side by side upon one side of it and the cylinders are made to revolve. 
The card facing the linen, turning in opposite directions, roughly 
brushes and cuts the orange-peel. The same movement makes the 
oranges roll about, and in a few minutes a hundred oranges are 
deprived of the essential oil of the peel. The holes in the linen 
facilitate the running away of the liquid mixed with some dihris of 
the peel. The whole is pressed, and the essence is filtered several 
times. This process gives a satisfactory yield, though distillation pro- 
vides a clearer product. 

Fresh peels yield less when they are whole than after having been 
cut in pieces, and they give a product inferior (in perfume) to that 
obtained from dry peel. Among these last, those which have been 
stored, sheltered from air and dust, are the best, the produce of them 
being finer. 

Orange-wine is a very interesting liqueur, the manufacture of which 
is simple. It consists in peeling the oranges, throwing them in a mortar, 
where they are mashed up by the aid of a piece of wood. It is necessary 
to avoid iron, which promotes the formation of black citrates of disagree- 
able appearance. The pulp, thus triturated, is placed in a cloth stocking, 
which is pressed so as to make the juice alone come out, without bursting 
the pips, which make the liquid bitter. Placed to ferment in a cask 
standing upright, this liquid soon becomes clear, especially if the surface 
be carefully skimmed. It is then carefully decanted, and poured into 
a barrel into which some grammes of tartrate of potash have been 
previously thrown. This barrel must be kept constantly full. It is 
then that a slower and second fermentation is commenced. In a few 
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weeks' time the wine will be made. The value of this wine increases 
with age. Orange- juice boiled, then fermented, gives an even finer wine. 

Submitted to distillation, this liqueur becomes transformed into 
spirits of a very agreeable taste. The yield is from 5 per cent, for 
spirits at 52°. 

As has been seen, the orange is a precious tree for this colony. It 
only suffers from the presence of innumerable coccidiens, the kermes of 
the orange-tree. This is easily got rid of by painting the tree with 
milk of lime, diluted in ash-lye, and especially by proper pruning. A 
well-cared-for tree may bear as many as 2000 oranges. 

EiCiNUS {Castor-oil Plant). 

The Bicinus was probably imported from India into New Caledonia, 
the same as it has been into Tahiti. Since that time it has been repro- 
duced in the wild state with the greatest facility. 

The common ricinus (Bicinus communis) is a shrub about 1.3 ft. high, 
with a trunk which is greyish and ligneous, formed of a light wood, 
which certain tribes employ cut in pieces. The capsules, of an ash-green, 
have soft points. The seeds are of a beautiful grey colour, spotted and 
striated with reddish brown. The kernel, which is highly charged with 
oil, is white and firm. 

The Bicinus viridis has smaller leaves, of a -deeper green colour. The 
smaller pods are furnished with harder points, and the seeds are much 
smaller. This variety is the most extensive. 

The Bicinus ruhricaulis has a red trunk, covered by a whitish waxy 
dust ; its seeds are larger, and contain a good amount of oil. 

The ricinus seeds submitted to the press give 36 per cent, of oil 
when cold ; when warm, the yield rises to 5 6 per cent. Pressure must 
be effected slowly and with precaution, by reason even of the viscosity 
of the liquid, which can only be freed, with difficulty. 

The ricinus succeeds in all kinds of soil, though it-appears to prefer 
those which are mellow or alluvial. 



PART IV. 

FORESTS. 



CHAPTEE XII. 

GENERAL NOTES AS TO FOEESTS : THEIR INFLUENCE. 

To speak only of France, we have already said that there still exist 
in that country about 22 million acres covered by woods and forests. 
The production of wood therefore constitutes a very important branch 
of agriculture. 

If the forest in savage and badly organised communities is left 
in the charge of Nature, it is no longer so in thickly inhabited countries 
which have arrived at a certain state of civilisation. 

The need of cultivating the land compels man, first of all, to clear 
spaces covered by forests. By degrees the woods are found confined to 
land of difficult culture, upon steep slopes, chilly summits, and in the 
poorest soils. 

Those men who devote their existence to the improvement of 
methods of turning the wealth of the forest to account, who find 
means of augmenting the products of our woods, and who, by their 
researches, raise the cultivation of timber to the rank of an industry 
— those men piost assuredly deserve public recognition. 

Amongst those who have successfully busied themselves with this 
question of forests may be mentioned in the first rank, M. Chevandier 
de Valdrome. 

His first labours have had as their object the substitution of the 
always uncertain measures of timber in volume by their estimation 
in weight in the state of absolute dryness. He then determined the 
quantities of carbon, hydrogen, oxygen, and nitrogen contained in a 
st^re of different native woods, and he established what was the calorific 
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power of these particular timbers. He showed what a hectare (about 
2^ acres) of forest, under ordinary conditions, produces in France, 
each year, in green and dry timber, elementary principles and calorific 
power. 

His long and costly experiments have thus enabled him to discuss 
the different methods of exploitation in use. 

He has also placed two new orders of facts in evidence. He has 
proved that manures may be profitably used in the cultivation of young 
forests, and that the irrigation or retention of water on sloping land 
favours to a high degree the growth of trees of all ages. 

To show the means of obtaining from existing forests the largest 
amount of useful products, in assuring the maintenance of their yield, 
to make known the methods by which it is possible to convert into 
productive forest those soils which have not until now lent themselves 
to any cultivation — such is the object of sylviculture, of which we are 
about to treat. 

Considered from different points of view, this science treats — 

(1) Of the creation of new forests and the maintenance and improve- 
ment of existing ones. 

(2) Of the planting of every kind of soil, however limited it may 
be, when it is found that it cannot give any other remunerative 
product. 

(3) Of the formation of enclosures, hedges, shelters, etc. — in a word, 
of every plantation where forest trees, properly so called, can be 
utilised. 

ACTION OF PLANTS UPON THE ATMOSPHERE. 

Influence exercised by Forests upon the Climate. 

In order to' give an account of the influence of forests upon the 
climate of a country and of the hygienic conditions brought about by the 
existence or absence of woods, we will say a few words as to the action 
of plants upon the atmosphere. 

Plants, and especially all species of trees and shrubs, draw from 
the atmospheric air the materials necessary to their existence ; they 
all spring from a seed coming from a plant of the same nature. 
The _ seed, in a suitable state of desiccation, appears to be preserved 
indefinitely, without alteration, if it is preserved from damp and the 
attacks of insects. But if it comes into contact with water under 
the influence of a temperature which must not be too low, it is not 
long in swelling. The ligneous envelope cracks, and there springs forth 
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from one side the filaments called the radicles, which seek to penetrate 
into the soil, and from the other, a small stem, the shoot, which takes an 
opposite direction and tends to rise into the air. 

These first developments of the vegetative life are brought about at 
the expense of the amylaceous matter of the seed ; an azotised principle, 
the diastase, is formed there, the principal property of which is to 
rapidly change the starch into dextrine and sugar^ — that is to say, into 
soluble principles, which are organised afresh and transformed into 
cellulose, which serves in the formation of the first cellular tissues of 
the plant and root. 

During this first period of vegetable life carbonic acid is given off. 
The presence of oxygen appears essential, for the moist seeds do not 
germinate in an atmosphere deprived of this gas. The parts of the seed 
which have furnished the amylaceous matter, the cotyledons, have lost 
their consistency and shrivel up. 

Brought in contact with air, the sprout assumes a green colour and 
the first leaves are developed. 

The assimilation phenomena then completely change, and it is prin- 
cipally from the atmosphere that the new plant receives those elements 
which are necessary to its growth. Its green portions, the leaves 
especially, absorb, under the influence of the solar light, the carbonic 
acid of the air, assimilate the carbon, and throw back the oxygen into 
the atmosphere. They possess besides a certain quantity of nitrogen, 
which is useful in the formation of the nitrogenised principles which are 
essential to the life of the plant. As to the hydrogen, it is evidently 
provided by the water coming both from the vapour in the atmo- 
sphere and the dampness of the soil. The largest portion of this water 
remains in the plant, forming the sap, which serves to transport to 
the different parts of the plant the nutritive principles rendered soluble. 
Another part of the water is decomposed under the influence of vegeta- 
tive forces into hydrogen, which is assimilated, and into oxygen, which 
is disengaged with that arising from the more or less complete decom- 
position of the carbonic acid. 

As will be understood after what has just been said, the soil does 
not play an inert role in the development of the plant — very far 
from it. 

When the soil is deprived of decomposing organic matters, it loses 
all its fertility, only giving birth to poor plants. To give it this 
fertility, it is necessary to bury new organic detritus in it, principally 
animal substances constituting natural manures or alkaline and nitro- 
genised chemical compounds forming artificial manures. 
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The manures provide the roots with organic matters, principally 
nitrogenised substances which the plant assimilates ; they contain, more- 
over, mineral principles which are soluble or rendered soluble by the 
chemical action which is developed in the soil. 

These principles, which are found in the ashes of the plant, are 
necessary for its good constitution. When they are missing in the soil 
or are there in insufficient quantity, the plants remain straggling, develop 
but little, and cannot form the mineral frame essential to the majority 
of them. 

The decomposition of the carbonic acid by the green portions of the 
plants can easily be demonstrated. 

If some fresh leaves are placed in a vessel partially filled with water 
and carbonic acid gas, and the vessel then exposed to the sun, the 
carbonic acid disappears at the end of a certain time and is found 
replaced by a lesser volume of oxygen. As carbonic acid contains an 
equal volume of oxygen, it will be concluded from this experiment that 
all the oxygen of the carbonic acid has not been set free. 

It is probable that the carbonic acid is only partially decomposed 
by the plant, that it is, for example, converted into oxide of carbon, 
which enters into the constitution of new organic substances, and 
that the remainder of the oxygen comes from the decomposition of the 
water. 

If the branch of a tree is placed in a glass vessel exposed to the 
sun, and in which a mixture in known proportions of atmospheric air 
and carbonic acid is made to pass slowly, it is easy to recognise that the 
gas emanating from the vessel is almost entirely deprived of its carbonic 
acid, and that this latter is replaced by oxygen. 

This decomposition of the carbonic acid by the leaves only takes 
place under the influence of the solar rays and of diffused daylight. In 
darkness or under the influence of artificial light, they act in an inverse 
manner. In this case, indeed, the leaves give off carbonic acid and absorb 
oxygen. If the effects of the day are compared with those of the night, 
it is known that the first carry it away, and that consequently the 
resultant action is that which takes place under the influence of solar 
rays. 

The atmospheric air contains about five ten-thousandths of carbonic 
acid ; this very feeble proportion is sufiicient to furnish the carbon which 
accumulates in the plant. But this carbonic acid is without cessation 
restored to the terrestrial atmosphere by the respiration of animals, by 
the decomposition of the plaats, and by certain chemical reactions 
which occur in the interior of the globe. 
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It is therefore seen what great influence the presence of a forest 
exercises over the composition of respirable air. The origin of forests 
goes back beyond the last cataclysms which have upset our planet. 
Their first function was to render it habitable ; they deprived the atmo- 
sphere of the enormous quantity of carbonic acid which it contained, and 
transformed it into respirable air. 

The presence of forests in a country is always a benefit, no matter 
from what point of view the matter is viewed, and in mountainous 
countries the following propositions are admitted as demonstrated by 
experience : — 

(1) The presence of a forest upon a soil prevents the formation of 
floods. 

(2) The laying waste of a forest gives rise to devastating floods. 

(3) The development of forests promotes the extinction of floods. 

(4) The decadence of forests increases the violence of torrents, and 
may even be the cause of their reproduction. 

In the high regions of the Alps — that classic land of floods — 
numerous plantations of resinous varieties may be seen to-day, suited 
to the local climate, displaying their vigorous vegetation not only in the 
receiving basins of the floods they have prevented, but even upon the 
banks of the water-courses, keeping them within bounds, so that these 
torrents, formerly so dreaded, have become not only inoffensive streams, 
but all the more precious as they supply agriculture with better and 
more abundant irrigation waters. 

One must, however, always guard against extremes ; indeed, there 
can even be an excess of forests, though this is seldom the case. 

Gaul, and especially Germany, two thousand years ago, were cold 
and wet countries, covered by marshes and forests. Successive clear- 
ings, however, converted them into fertile plains, and some portions of 
Germany only have still remained very thickly wooded. 

On the other hand, excessive clearing, as will be seen further on, 
may exercise the most baneful influence on a country. 

The clearings in the plains at first diminishes the quantity of 
springs in a district, which even become lost altogether. The land 
becomes dried up and exhausted. The Canary Isles, Madeira, and many 
other countries were, at the time of their discovery, veritable terrestrial 
paradises, and became later, when the forests were demolished, dry and 
uncultivated plains. The steppes of Eussia have the same origin. 
Madeira, however, has lost nothing by the change, for chestnut-trees, 
lemon-trees, and the vine have replaced the forests which formerly 
covered it. 
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Bocage, in Vendee, suffered from an excess of humidity; since 1808 
numerous clearings have been made, and since then the springs have 
disappeared or yield less water. 

Prior to 1820, Provence possessed numerous springs and a number 
of rivers. In 1822 the olive-trees, which, so to speak, formed there 
complete plantings of trees, froze ; they had consequently to be cut 
down, since which time the rdgime of the waters has changed to 
such an extent that the work of agriculture is often very difficult 
there. 

In the heroic ages Greece, Sicily, and the surrounding islands were 
covered with dense woods. It was also the same in Italy. But the 
progress of events in these classic lands led to the almost complete 
destruction of these superb forests. These countries then became 
renowned for their agriculture, and to-day only a few trees are seen there 
at great distances between each other. The once celebrated springs 
no longer exist, the sterility of these countries having become proverbial. 

It will be seen to what an extent the action exercised by forests over 
the climates is variable and complex. 

The influence of forests over climate depends upon their extent, 
the height of the trees, and their nature ; their evaporating power 
through the leaves, the faculty they possess of heating or cooling the 
air ; and the nature and physical condition of the soil and subsoil. 

As shelter against low winds, the usefulness of forests is evident, this 
being proportional to the height of the trees. 

Evaporation by the leaves is a powerful and incessant cause of 
humidity; the slightest cooling of the air precipitates the vapour, the 
water resulting from it penetrating into the soil, or else it is absorbed 
by the roots. As for the calorific state of the trees, it is shown 
that they become heated and cold again in the air — the same as all 
non-organised bodies — by the action of the sun. Being bad conductors, 
they take the same temperature as the air only at the end of a rather 
long time. The tree, heated during the whole day by the sun's rays, 
escapes to a large extent the cold of night, restoring by degrees to the 
surrounding air the heat which it has absorbed. These facts have 
been proved and estabhshed by M. Becquerel by the aid of the electrical 
thermometer. 

Boussingault, studying the equinoctial regions of America, found 
that abundance of forests and dampness tend to make the climate cold, 
whilst dryness and aridity of the soil make it warm. 

De Humboldt, on the contrary, has proved that in Northern America 
the climate has not changed by the destruction of forests ; but in the 
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comparison of these too opposite opinions, it is necessary to take account 
of the nature of the soil, which is far from being the same in the two 
countries studied by these savants. 

In conclusion, it may be said with M. Becquerel, that there is no 
doubt that the climate of a country is improved by the grubbing up 
of heaths, making marshy land wholesome, and planting mountains 
and agricultural soil, and that excessive clearing is neither useful nor 
necessary. 



CHAPTER XIII. 

OPINIONS AS TO SYLVICULTUEE— IMPEOVEMENT OF 

FOEESTS. 

DIFFERENT VARIETIES OF WOODS AND FORESTS. 

As a general rule, forests are a natural production, planted forests 
only existing in certain countries where sylviculture is already in a 
very advanced stage. But the majority of planted forests whose 
cultivation is abandoned soon resemble natural forests. Some inferior 
varieties are introduced, and the forest becomes uncultivated if it is left 
to Nature ; if, on the other hand, it is carefully attended to, it passes 
into the category of cultivated forests. 

Coppices are woods which are usually cut rather young to make 
firewood or to be converted into charcoal, or sometimes to be used as 
vine-props, hoops, and stakes. 

Coppices have as a distinctive sign that they shoot from their 
stocks, whilst the forests are restocked by seeds. Eesinous trees not 
springing from their stocks do not form coppices. 

Coppice woods are divided into three classes. Young Coppices are 
exploited when from 8 to 9 years old. They are nut-trees, chestnut- 
trees, and birch-trees, employed especially for heating purposes by the 
peasantry. 

Medium Coppices are exploited at the age of about 20 years ; char- 
coal and small firewood are obtained from them. 

Timber Coppices are exploited between 20 and 140 years. They 
furnish firewood, small pieces of timber for carpentry, and especially split 
wood for vine-props. 

Forests are divided into several classes. Young Forest is composed of 
trees whose age is comprised between 40 and 50 years. 

" Half -Forest " (demifutaie) is from 50 to 60 years old. 

And last, Timber , Forest is that whose age reaches 100 years. 

189 
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In France the forests form groups which are exploited on the 
gardening method (Jardinage). The ripe trees are chosen and cut down. 

Sometimes also trees whose age exceeds 100 years are called "old 
barks." 

VARIETIES ADAPTED FOE, FORESTS. 

The forest varieties, namely, those trees which are generally met with, 
should live in compact groups ; this faculty is more or less developed 
according to the species of the plant. Certain varieties have the property 
of forming immense forests and of being maintained indefinitely. Others, 
on the other hand, are only scattered among other woods. The first 
have received the name of dominating varieties, and the second that of 
secondary varieties. 

From the point of view of the natural richness of the soil, the 
principal forest species of our (i.e. the French) climate come in the 
following order : — 

Beech, fir, elm, ash, maple, yoke-elm, oak, pitch pine, alder, lime, hazel, 
willow, larch, poplar, aspen, birch, and pine. 

If account be taken of the artificial enrichment of the soil, the 
classification is as follows : — 

Elm, ash, yoke-elm, alder, forest pine, maritime pine, laricio pine, oak, 
lime, beech, fir, birch, poplar, larch, and pitch pine. 

The degree of humidity required by trees is the reason of their being 
classed in the following order : — 

Alder, mugho pine, ash, " Lord " pine, willow, elm, pitch pine, 
yoke-elm, oak, marcescent willow, maple, fir, beech, larch, poplar, birch, 
and pine. 

The varieties giving the best yields, according to the nature of the 
soil, will now be given : 

Compact and Pottery Clay Soils. — Pitch pine, alder, ash, poplar, 
aspen, pedunculated and English oaks, acacia, and small-leafed lime. 

Inundated Peaty Soils. — Common alder, birch, black poplar, bird- 
catchers' sorb, willow, and mugho pine. 

Marshy Wholesome Soils. — The preceding varieties, to which 
must be added the poplars, limes, and " Lord " pines. 

Moving Sands.— Maritime and forest pine, acacia, sea-buckthorn. 

Dry but Fixed Sands. — Varnish-tree of Japan, birch, St. Lucia 
wood, white mulberry-tree, maritime pines, " Lord " mugho, and Sylvester 
pine ; poplar, aspen, birdcatchers' sorb, acacia, willow, lime, sylvan elm. 

Calcareous and Chalky Soils. — Black pines of Corsica ; forest pine, . 
beech, service-tree, evergreen oak, marcescent willow. 
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As a rule, trees improve the soil they occupy. In this respect they 
may be gradually classed as follows : — ■ 

Beech, black pines, both Corsican and Sylvester ; larch, iir, pitch, hazel- 
tree, yoke-elm, maple, alder, ash, oak, aspen, and birch. 
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Fig. 112.— Sylvester Pine. 



If, however, those varieties are sought which are the least sensible 
to climatic .variations, they are found in the following order: — Birch, 
cembro pine, birdcatchers' sorb, mugho pine, hooked pine, larch, pitch, 
forest pine, aspen, poplar, alder, marcescent willow, hazel, lime, ash, oak, 
maple, beech, yoke-elm, fir, elm. 
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Most trees like heat and the sun ; however, the fir, beech, ash, maple, 
elm, and pitch prefer the shade. On the other hand, the forest pine, oak, 
birch, and larch grow better in full light. 



IDEAS AS TO AEBOEICULTTJRE — LOPPING. 

The science of arboriculture has for its object the fixing of rules 
which must be followed in order to wood waste and uncultivated land, to 
restock the glades, and modify existing woods in the hope of arriving at 
a more profitable exploitation. 

Artificial restocking may be made in a variety of ways. The 
necessary plants can be brought up even upon the place which is to be 
wooded, or they may be brought from elsewhere and planted upon the 
ground which is definitely to receive them. 

The first manner of procedure is called semis, the second plantation. 

Artificial restocking is very often preceded by indispensable pre- 
paratory works — for example, purifying the soil or preparing it specially. 
A few words will now be said with regard to this. 

Purifying the Soil. 

The question of the rendering of the soil wholesome is rather 
complex. Turf-pits, for example, become sterile if completely drained. 

A soil which is too damp for certain varieties, such as the oak, forest 
pine, and larch, will, on the other hand, be too dry for the alder and 
willows. 

Damp soils can be, and generally are, made wholesome by the aid 
of uncovered ditches, which must have a uniform slope, to avoid being 
choked up and deteriorated. The slopes of these ditches are differently 
inclined, according to the nature of the soil ; for strong trees, the 
inclination varies from 35° to 45°; for argillaceous earth 50° are 
generally adopted. When the soil is sandy, the inclination is even 
more. 

It is the volume of water to be evacuated and the slope of the 
bottom which permit of the determination of the breadth and depth of 
the ditches. On the other hand, the slope must be sufficient to overcome 
the resistance of the movement of the water. 

As to the direction, it is the natural course of the stream and its 
source which determine it. 

In all cases, draining ditches must be established in such a manner 
as to take the water at its source and conduct it outside. 
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Fixing of Movable Sands. 

This is the second preparatory work, which is often indispensable, 
and which must be done in the case of special soils, like the moving 
sands of seashores. 

These sands, generally composed of very fine grains, are very 
powder-like. Their heaping up on our coasts constitutes what are 
called dunes. These sands are very mobile, but the dampness of the 
atmosphere and that of the soil may render them fertile if they can be 
rendered immovable. 

The work of fixation differs according as to whether tlie dunes of 
the shore or those of the interior of the land are in question. 

The modes of fixation generally consist at first of continuous 
palisades, made either with planks or fences. The palisades form the 
first obstacle to the invasion of the sands of the shore. . More in the 
background upon the top of the dunes fences are established which break 
the action of the wind, whilst permitting the sands to cross them. 

Behind the first palisades, upon a zone about .300 metres broad, 
where ligneous vegetation is destroyed by saline emanations of the sea, 
the surface is fixed by sowing herbaceous plants, notably the gourlet 
and the reed of the sands. In the zone farther removed from the sea- 
shore small forest trees are associated with these plants, whose strong 
rooting better withstands the violence of the wind. In the first line 
may be cited the Willow of the Sands. Then, when once the sands are 
fixed, the sea-buckthorn, furze, caragana, etc., are planted there. 

Those varieties which are the most highly recommended are the 
following : — Poplars, birch, false acacias, varnish-tree of Japan, typhina, 
etc. But the best species, as will be shown a little further on, are 
undoubtedly, for the northern dunes the forest pine, and for those of the 
south and west the maritime pine. 

Lopping. 

An interesting portion of arboriculture is that which treats of the 
care to be bestowed upon the trees of a forest during their growth. 
Forests left to themselves, indeed, do not give anything like the yield 
that is expected from those trees which comprise them which have 
been methodically attended to. Messieurs de Ceurval and des Cars have 
formulated some rules upon this point, and especially upon tree-lopping, 
which may be repeated here. 

The problem to be decided upon consists in not allowing the sap to 
be uselessly expended in the forming of branches of little value, but to 
13 
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concentrate as much as possible its action for the ligneous formation of 
the trunk, which is the industrial part of the tree, and, consequently, to 
hasten the production of timber of good dimensions adapted to trade. 
It is by judicious and reasonable lopping that this problem has been 
solved. But lopping leading to the ablation of certain branches may 
bring on brown-rust, and therefore, to avoid this great inconvenience, 
certain special rules must be observed. 

Lopping is the only means of concentrating the ligneous formation 
upon the trunk. It is hence necessary that the sap should arrive as 
quickly as possible in the trunk, and that afterwards, in its transit, 
descending . from the leaves to the roots, the passage along the trunk 
should be as rapid as possible. 

To attain this result, it is necessary, by judicious pruning of the tree, 
to reduce as soon as possible its branches in a horizontal direction, at 
the same time preserving, upon the leafy surface, the necessary develop- 
ment ; it is known, however, that the nearer the branches are together in 
the vertical direction, the more they develop, to the detriment of the 
trunk. 

Consequently, by preserving in a vertical direction only the trunk and 
the main stem, their development in size is favoured, and by reducing the 
branches in a horizontal direction, the formation of the wood upon the 
trunk can be traced rapidly. 

But as the tree grows higher, a time will come when the leafy 
surface will be too considerable in proportion to the development of 
the roots, which furnish the leaves with sap. To avoid this incon- 
venience, which would produce a defective vegetation, the piractice is 
to take away the lower branches, in order to always preserve a perfect 
equilibrium between all parts of the tree. It therefore follows that one 
must conform to the following rule : — 

The top of the tree must have an ovoid form, narrow horizontally 
in proportion as the tree is yoimger ; the height of this ovoid should 
vary from two-thirds of the height of the tree for the young trees to 
one-half for older trees. 

In all of the suppressions of the branches to which one is led by the 
application of this method, there are very simple precautions to be taken 
to avoid brown-rust. 

Instead of cutting the branches at a certain distance from the trunk, 
as is most usually done, it is necessary to cut them vertically and quite 
level with the trunk, doing this so that the wound unites as well as 
possible with the sapwood. The section thus operated on is then covered 
with coal-tar. The simple fact of the vertical section and at the level 
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of the trunk will, in many cases, where the wounds are small, lead to the 
healing of the wound ; but one is never sure of avoiding the brown-rust, 
and the danger increases with the dimensions of the wound. Whilst in 
covering the wound with coal-tar there is never brown-rust, the covering 
of the wound by the new wood is far more rapid, and the void remaining 
between the wound and the new wood is not so great. 

If a branch is cut a little farther from the trunk, rust forms at the 
base, which hardens very quickly, and there the sap soon no longer 
circulates, so that the stump of the branch dies and soon falls, leaving a 
hole which cannot be closed up. 

The life of old ulcerated trees can also be equally aided by applying 
the following treatment to them :-^-The wound is cleaned with care, coal- 
tar is passed into it to arrest brown-rust and destroy the insects, then 
the wound is filled with wood, cement, or some non-hygrometrical matter. 
Provided that this plug thoroughly levels the squared edges of the 
wound, and that it is carefully covered with coal-tar, the tree at the end 
of a certain time commences to grow again. 

To continue, the practice of lopping leads to the following results : — 

(1) More rapid and regular growth of the trunk, and, consequently, 
increase of production. 

(2) Certainty of preserving the trees from brown-rust. 

(3) Suppression of the harmful effects on vegetation caused by the 
vicinity of trees which throw a thick shade over them. 

Let us add that one very important cause of ruin, affecting more 
than a third of the trees of timber forests, can be prevented by the 
method of lopping of which we have just given an idea. A few words 
will now be spoken as to trimming the tree {la tranche). 

The tranche is necessitated by the torsion of the tree during its growth. 
The torsion of the tree is promoted by several causes, the principal of 
which is the action of the prevalent wind on the leaves. Trees placed 
on the borders of forests are particularly exposed to this. Their 
foliage develops on the side exposed to the air and sun, their centre of 
figure changes, and their centre of gravity also changes naturally ; the 
prevailing wind then makes them turn. Once commenced, the rotative 
movement is not arrested, for the same cause incessantly produces the 
same effect in the same direction, and it is not rare in a period of from 
seventy-five to a hundred years for a tree to turn completely by itself. 
Then, the fibres affect the direction of a spiral around the axis of the 
tree. Cut into beams, this tree is rejected or very seriously affected in 
its resistance ; cut into planks, flaws run all through it ; hence its timber 
is unsuited for joinery. 
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Even in the centre of a forest a tree will turn, because ' the lopping, 
unequally done around its axis, renders the movenient of the rotation 
upon its roots more easy, if the wind penetrates to it. As for isolated 
trees, they are left to themselves. The leaf, becoming less developed 
on the northern side than from that facing sunlight and heat, the 
tree has a continuous rotating movement, under the influence of the 
prevalent wind. The movement, when once commenced, is invariably 
kept up. 

In giving to the tree, by the lopping of its leafy branches, the ovoid 
form following a centre of figure passing through the axis of the tree — 
that is to say, through its centre of gravity — an excellent remedy is 
adopted to counteract the vice which has just been mentioned, if the 
influence of the prevailing winds be carefully watched. 



IMPROVEMENT AND EEGENERATION OF FORESTS — 
CULTIVATION OF THE PINE. 

Three principal causes of ruin act upon forests, namely — 

(1) The disappearance of hard timber. 

(2) The impoverishment of forests upon slopes. 

(3) The havoc brought about by frost. 

All these causes joined together and the permanent impoverishment 
which has been gone on without check for centuries in the largest part 
of our wooded soil, are more than sufficient to compromise the value 
of forests when a remedy cannot be found for them. 

When the period of the management of forests in the form of copses 
has been decided on according to calculations based upon the state of the 
forest and the species with which it is stocked, and when the cuttings are 
separated between them by well-traced routes, everything prescribed by 
the ancient principles of sylviculture has been accomplished ; but in course 
of tune this forest management no longer finds itself in harmony with the 
course of Nature, the natural seed-beds are choked, the shoots become 
exhausted, and degenerate in succeeding each other. 

The object to be aimed at should be to bring about regenera- 
tion by the substitution of good varieties for those which have become 
bad. 

The difference in the yield of one variety from that of another, in a 
given time, is considerable. A striking example will be obtained of this 
if the oak and yoke-elm, which are hard timbers, are compared. In a 
copse twenty-five years old the volume of the trunk of the first is to 
that of the second as 14 is to 5. 
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The difference is even greater if the respective value of these 'two 
timbers is compared ; it is therefore seen of what importance is the 
choice of varieties. : 

It is easy, in groups of high trees, to maintain good varieties, for in 
the long - run they destroy the others, and the successive clearings 
accelerate the destruction of the undergrowth. It is not the same with 
copses in general, and it can be observed that the oak species have 
diminished, which must be attributed to the following causes : — 

The young oak cannot do without shade in its early years, but it does 
not take long to prove the progressive need of the influence of light and 
air. However, it is always more and more compressed by the white 
woods which dominate it, and' by the brambles and thorns which rob its 
nourishment ; its seed-beds perish, its shoots degenerate, and it becomes 
rare, so much so that the wood ripe for cutting can no longer be 
replaced. 

Experience has shown that a copse of oak can be maintained in its 
purity by extirpating the other species, and by cutting down when 
they are marketable all those trees which it is desired to destroy. 
Eestocking is afterwards effected with shoots or by planting acorns. 

This destruction of the poor varieties therefore becomes indispensable 
in sylviculture ; but as a set-off one must take care in proceeding to the 
removal of the good species. 

It is thus that, returning to the causes of decay which have been 
already pointed out, it may be said that the only efficacious and certain 
remedy is to oppose the disappearance of hard woods, and to proceed 
to the planting of different varieties of resinous trees adapted to the 
different climates and conditions of the soil. 

Thus, in soils where the tendency is for hard woods to disappear, the 
presence of pines alone, the powerful manure with which they cover the 
soil, and the protection they give to the neighbouring trees, suffice to 
arrest this disappearance. 

The forests of the Vosges offer some striking examples in support of 
this statement. Thus it is that in these mountains near lands formerly 
covered by woods of oak, and to-day overrun by the beech, similar 
ground is seen, where for centuries the pines, oaks, and beeches have 
been allied, confused, and seem to struggle vigorously. Far from 
any of these varieties perishing, it is seen, on the contrary, that under 
the high trees, numerous seed-plots of oaks and other varieties are 
developed. 

These same resinous trees, planted in forests situated upon slopes, 
and which perish as a consequence of the poorness of the soil, leave 
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their cones on the ground, which rot in the grass and form an 
abundant manure, whilst their compact branches, neutralising the 
action of wind and sun, keep the soil in the constant state of humidity 
and porosity indispensable to active vegetation. The pines themselves. 




Fig. 113.— Fir-Tree. 

profiting by the fertilising agency of the cones which they drop in 
profusion, rapidly develop their branches, encircle laterally all the 
neighbouring trees, and force them to grow vertically. 

In this manner shoots are transformed into forests of high trees, 
which, without the presence of the pines, would have remained puny and 
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stunted. Hence the reasonable introduction of resinous trees into the 
midst of copses would soon make a quantity of important forest-trees 
spring up, even from the most sterile land. 

If we pass to those soils which are exposed to the effects of frost, the 
intervention of the resinous tree may, even there, produce considerable 
effects. 

Now, when it is decided to introduce pines for the improvement or 
regeneration of a forest, it is necessary to know how to study with care 
the nature of the land to be wooded ; very often the seed of the maritime 
pine has been entrusted to soils where it would have been better to have 
sown the forest pine. 

The maritime is not very delicate, and grows upon almost all soils, it 
is true, but with very great differences, according to the degree to which 
the soil suits it. In Sologne maritime pines have been successfully 
planted, and a little distance away these same pines are meagre, elon- 
gated, and sorry-looking ; some can be preserved for sixty years and more, 
others wiU not even reach twenty-five years, and often much less — and 
this upon land which is, in appearance, of the same quality. Some have 
a foundation, the roots being able to force themselves into it, the tap- 
root especially; others rest upon tufa, more or less argillaceous and 
impermeable. In these latter soils the tap-root does not assume any . 
strength ; the tree lives by its lateral roots, and these are obstructed by 
neighbouring ones. Then, when the earth is soaked by heavy rains, if 
very windy weather follows, the pines are blown down. 

From all these considerations it follows that every proprietor who 
wishes to transform his lands into nurseries must study his soil; one 
nursery often differs from another to the point of even having a value 
twice or three times greater, not only by the productive quality of the 
soil, but also by its constitution, depth, nature of the under-soil, and its 
hygrometrical condition. 

To make seed-beds of maritime pines it is sufficient to prepare the 
ground by a slight tillage, and to use 15 to 20 kilogs. of seed per 
hectare (1 hectare = 2^ acres). 

The maritime pine is often sown in cord-land, upon a stubble- 
field or among buckwheat. The presence of broom is often an 
indication that the ground, at least at the surface, suits maritime 
pines. 

The under-soil remains to be studied, for it is upon this that the 
future and complete success of a nursery depend. 

Wherever the earth is tenacious, clayey, covered by thorn-broom or 
large furze, the maritime pine must not be planted. These lands, on the 
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contrary, suit the Sylvester pine marvellously well ; it frees itself much 
better than does the maritime pine from coarse grass, furze, and thorn- 
broom ; it dominates and chokes them under its powerful branches, and 
supports the confined position better, resisting strong winds better than 
the maritime pine. 

The seed-plots made and the gathering successfully effected, there 
only remains the important question of clearing the escarpments, for 
upon this work depends the future of the nurseries, which, in order to 
produce fine trees, should be most carefully attended to. 

At what age should the seed-plots be utilised ? Some say in the 
third or fourth year, others in the eighth, ninth, or tenth. 

In the third or fourth year the work is costly, and does not yield much. 
In the eighth, ninth, or tenth year fagots are made, it is true, and a slight 
produce is extracted, but this is at the expense of the future. The 
maritime pine, like all the conifers, lives partly by its leaves, and must 
therefore be provided for in some measure. 

In the first thinnings, which are done in the eighth, ninth, or tenth 
year, the pines are from 15 to 23 in. high; when they are too crowded, 
the top only is provided with leaves ; when they are isolated, they are 
provided alone with a crown which rises from 12 to 19 in. and some- 
times 23 in. froili the ground. When the thinning is done in the 
third or fourth year, though it is very advantageous for the future of the 
plantations, it is unprofitable at the time. 

Moreover, in the third or fourth year the seed-plots of maritime pines 
are still in an herbaceous state, and, in sandy soils, they are easily pulled 
out by hand or very easily with a flat pickaxe. One man can thin from 
30 to 45 ares in one day, in spacing the trees from 19 to 27 in. 

In this state the young pines not only form and extend their top, but 
preserve, some a crown, others two crowns, according to the more or less 
confined and primitive condition of the seed-plots. 

Young pines, thinned at this age of the superfluous trees and 
well spaced out, as already said, assume a conical form, giving them 
strength to resist winds. They continue to grow all the better, more 
especially as, in proportion to their age, they are furnished with branches 
as well as those thinned in the seventh, eighth, or ninth year. 

If this operation is carefully repeated every three years without ever 
cutting off the crown, the thinning must be rather carefully done, so that 
the bringing of the pines nearer to each other will clear the branches 
from the lower part, in proportion as those of the upper part are 
formed, so that a third only of the height remains provided with branches, 
lu other words, the thinning must be regularly conducted, in such a 



OPINIONS AS TO SYLVICULTURE 201 

manner that all the pines meet without actually touching each other, for 
although light is necessary it must not be too abundant. 

By these successive thinnings, pines are obtained which are worth, at 
fifteen or sixteen years, more than some pines of twenty or twenty-five 
years where the thinnings have been carried out with less care. 

We will not leave this subject without mentioning the remarkable 
results obtained, forty years ago, by M. Chambrelent, in the heaths of 
G-ascony, until that time renowned for the agricultural unsuccess of which 
they had always been the scene. 

The Landes of Gascony form a vast plateau of about 2,000,000 acres, 
slightly sloped and situated at a height of from lliO to 195 ft. above 
the level of the sea. 

The soil, which is of absolute uniformity, is composed of a layer from 
23 to 31 in. in thickness, formed of pure, siliceous sand, white and 
very fine, scarcely coloured by the detritus of plants which vegetate 
upon the surface, only containing slight traces of clay and calcareous 
matters. 

The under-soil, known in the country under the name of alios, is a bed 
from 12 to 19 in. in thickness, of this same siliceous sand, agglutinated 
and rendered impermeable by a sort of organic cement. Underneath the 
alios, a fine sand constantly impregnated with water is found, at an 
indefinite depth. 

Eain-water finding no outlet and being unable to sink in the soil, 
remains stagnant there during the winter, until it is evaporated by the 
heat of summer. Thus a permanent inundation during the winter and 
an absolute desert of burning sand during the summer is the general 
state of this vast desert where it is not cultivated. 

Under such conditions ordinary culture is impossible, and the forest 
varieties cannot prosper, for the dryness does not take long to burn what 
the damp has not rotted. 

M. Chambrelent understood that it was necessary to first get rid of 
the stagnant water — that is to say, that all improvements in the heaths 
must be preceded by making the land wholesome and healthy. This 
problem has been solved by a very simple and economical method, 
without having recourse to drainage, which was too costly as compared 
with the value of the soil. 

There is throughout the whole plateau of the Landes, from the 
top to the slopes of the valleys, a very regular and general slope ; at no 
point does the land form a basin which would necessitate the labour 
of digging channels for the water. The slope is so very slight that 
the slightest impediment or the ordinary irregularity of the ground 
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stop the water and prevent it from following the declivity. But these 
irregularities, which thus fetter the natural draining, are never more than 
12 to 1 5 in. high ; thus if, upon any point whatever of the heath, a 
ditch is opened from 15 to 19 in. deep, the bottom of which is just 
deep enough to run parallel to the general slope of the ground, it is 
certain that this ditch could be made throughout its whole extent, 
without the necessity of clearing more than 23 to 27 in. deep, and 
this would carry away any water which may come there. Traversirg, 
moreover, a very permeable and sandy soil, it attracts to itself the super- 
ficial waters, even from a rather long distance, and as the slope of this 
ditch never exceeds 3 mm. per metre, the water runs there regularly 
without wearing away the banks. 

Experience has shown that 400 current metres per hectare, of 
ditches 1'20 m. wide at the top and 40 cms. deep, following the most 
extreme slope of the ground, were sufficient to assure a perfectly healthy 
soil. 

Before the works which have been done in accordance with the 
principles that we have developed, the heaths were completely inundated. 
The effect of these ditches, producing a perfect drainage of the rain-water, 
was complete and immediate. 

Ditches not only serve to assure the making of the soil whole- 
some, they also offer the advantage of favouring the aeration of the groups 
of plantations and of arresting the spread of fire. 

The ground thus made wholesome can be cultivated for almost any 
purpose. But in a country where the soil is composed of pure sand, 
without mixture of calcareous substances and clay, and where manure and 
population are absent, one cannot think at the outset of the cultivation 
of cereals. One is also limited, in the lands thus made wholesome, 
to seed-plots of oaks and pines, which are the two most suitable 
varieties, having the advantage of assuring for the future very beautiful 
and remunerative products. 

Before it was made healthy, all the seed-plots of oaks did not succeed, 
because during two months of spring, at the time of natural germination, 
the solar heat was entirely absorbed by the water covering the soil. It 
was hardly until towards the middle of June, or at the most at the end 
of May, that the ground, freed of winter rain-water, received the warmth 
necessary to the plant. The acorn then sometimes germinated well, but 
with trouble and very slowly; then, when the heat of July came, the 
plant, which was hardly growing yet, could not withstand the heat of the 
sun, and died in July through not having grown in April. 

As regards the pines, the evil was not so great ; they resisted the 



OPINIONS AS TO SYLVICULTURE 203 

heat of summer better, but their vegetation always suffered greatly, and 
their development was even impossible in several places. 

On the other hand, the acorns and seed of the pine sown in well- 
matured ground can germinate everywhere in March under the influence 
of spring rains, which only traverse and water the ground, and of the sun, 
which is already warm at this time. 

In July the young plants, which have promptly thrust their roots 
into a light and very divided soil, are found strong enough to resist the 
sun's rays and to commence active vegetation in the early days of the 
following spring. 

From the point of view of the commercial advantages which have 
resulted from this method of cultivation, it may be said that in the last 
few years the exportations furnished by the products of the forests of the 
Landes have been enormous. 

It is principally posts for mines and telegraphs, and railway sleepers, 
which constitute this important commerce. 

In the seven years preceding 1884 the average of the exportation of 
mining posts in England was 180,000 tons; in 1884 it was 210,000; 
and in 1886 it reached 250,000 tons. 

The forests of the Landes extend over an area of 2,000,000 acres, 
with an annual production reaching 3,000,000 tons. 

The pine sleepers are less liable to crack under the influence of 
heat ; they are also greatly used for the construction of railroads in Spain, 
Algeria, Tunis, Senegal, Panama, etc. 

The timber of the Landes could also find a good outlet as firewood in 
Parisian bakery establishments. 

The ovens of Paris consume 600 tons of wood daily. Until the 
severe winter of 1880 Sologne principally supplied this wood, but to-day 
a great part of it comes from Germany. 

For street-paving, the pines of the Landes can compete with the 
■ timber of Sweden, solely employed for this purpose: recent experiments 
show that they are not inferior in resisting powers to the timbers of 
Sweden. 



CHAPTEE XIV. 

CLEARING AND REPLANTING— PEESERVATION OE EORESTS. 

The forests which still exist in Europe, and notably those of France, are 
the remains of immense groups of trees which formerly stretched uniformly 
over the larger portion of its territory. 

Gaul evidently receives its name from the Celtic word Gael, signify- 
ing forest. The larger parts of the Iberic peninsula and of Italy were 
also covered with timber ; and if, in this latter country, clearings were 
made in the early ages, in Gaul, on the other hand, and in Spain the 
land remained for a long time in the state of virgin forests, in the glades 
of which lived the savage tribes. 

Druidic tradition has preserved the memory of this primitive state of 
the land, and relates how a fire, caused by lightning, at once altered the 
surface of the country. 

" Lightning," says the legend, " fell from the summit of the 
Pyrenees ; the flame caught in the heap of resinous branches with which 
the soil was covered, making a clear fire which immediately set the 
forests ablaze. The fire directed its ravages on one side over Iberia 
and on the other over Gaul, following the chains of the Cevennes, 
Gevaudan, Charolais, and Vivarais ; thence the fire spread over the 
plateau of Langres, where the fury of the flames invaded on the one 
hand Jura and the Vosges, and on the other the Alps as far as Eridan, 
where the fire ended." 

The oases made by the fire in the midst of the compact mass of 
forests were then invaded by colonies of people from Germany, which 
was also, at this time, nothing more than a vast forest. 

This state of things lasted until the time of Caesar ; then, for the 
security of the conquerors, for the establishment of new towns, and for 
the nourishment of men and troops, vast clearings were commenced. 

However, at the end of the Eoman domination one could still cross 
over Gaul, from east to west and north to south, following uninterruptedly 
large bands of primeval forests. But in proportion as the population 
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increased and communities were formed, there happened just what has 
happened in America in modern times : these large zones of forests were 
attacked from all sides and from all sorts of motives, sometimes because 
they were an obstacle to the cultivation of cereals, sometimes because 
the wood was required for various purposes. It is in this manner 
that these last remains of our large wooded groups, like those islands 
that the ocean consumes without cessation, disappear continually under 
the effects of the ever-increasing tide of population. 

The causes of the grubbing up or destruction of forests — in a word, 
of the " clearing " — are multifarious. The progress of civilisation and 
increase of population have just been cited, but there are besides war, 
fire, abuse of pasturage, carelessness, the passion for destruction of some 
country people, and, lastly, certain political, financial, or administrative 
measures. 

But if only those of the causes are considered which result from a 
rational order of things — from the need of creating new arable land, for 
example, or from the desire of drawing from the soil the largest possible 
profit — it will not be found that the clearings have everywhere been 
conducted with equal discernment. It is in the most enlightened countries 
that the value of the soil has been best recognised, and where they 
have abstained from clearing the land which is only fit for forest 
cultivation. 

There is no doubt that there are some favoured countries where 
arable and good land is everywhere found : these are the plains generally ; 
all the plains, however, are not in this reckoning, for Sologne^ — that 
immense, dry, marshy, and feverish plain, formerly covered with forests — 
presents us with one of the most regrettable and fatal results which 
inconsiderate clearings may produce. 

Most frequently, in even the most fertile regions, there always exists 
a certain extent of land of inferior quality, to which forest vegetation 
seems to be better appropriated. The forests which are found there 
must evidently be preserved with the greatest care, since sterility alone 
can be substituted for them. This is what has generally been done in 
enlightened, rich, and advanced countries ; on the other hand, it is not 
what has been done in sterile, poor, and backward countries, according 
to all reports. 

If England is taken, for example, it is found that, of all nations, it is 
she who makes the greatest efforts for the good administration and 
preservation of her forests. 

Her forest domain only exists in her colonies — but with what care 
■find precaution does she guard them ! Forest-rangers learn all they can 
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in the schools of France and Germany ; they do not recede before sacrifice 
of time and money to attain the object they have in view. 

In our country (i.e. France), going back only a hundred years, 
we find that in 1797 de Neuf chateau, then Minister of the Interior, 
addressed a circular to the central administrations of the departments, in 
which he states "that for a century the consumption of wood in France 
has exceeded its production ; that the evil increases day by day ; that 
the too frequent clearings, especially in the high lands, the growth of 
population, the increased consumption for buildings and furnaces, or 
the bad construction of the latter, have caused a famine of timber 
of the most alarming description." And he adds that one of the first 
cares of the Government should be to equalise, as much as possible, the 
consumption and reproduction of timber. 

Before him, Turgot, following the opinion of Buffon and E^aumur, 
directed a decree to compel owners to plant a twentieth part of their 
land, under penalty of a fine. 

Since then — thanks to the law of 1860 as to the replanting of 
mountains and putting to profitable use marshes and uncultivated land 
belonging to communes — plantations multiplied everywhere; heaths, 
mountains, and communal lands were sown and planted, and the State 
forests were restocked and attended to with care and perseverance. 
France will thus be able to face the crisis with which it is threatened 
by the exhaustion of its coal-pits, and with all the more necessity as, in 
the present state of things, these pits only produce half of the coal 
necessary for consumption. 

The clearing of a country has not only an influence upon the climate, 
but it also modifies the flora and fauna of a country. Upon the banks 
of the Ehine, several hundreds of years ago, the vine was cultivated 
upon a large scale ; it has partially disappeared, however, because, as the 
vineyard owners say, " it has lost the shelter of the forests." 

In modern times the State takes the forests under its protection, at 
other times they were under that of the gods. Certain trees were the 
objects of veneration, and many forests were considered as natural 
ramparts against the ravages of avalanches and ravines. As has been 
seen, they not only prevented the formation of them, but they even 
stopped them, so that nothing better has been found, to make certain 
places habitable, than to rewood the neighbouring mountains. 

It is the plantations alone which have fixed the dunes of Gascony ; 
and these same plantations have prevented the mountains from falling in 
avalanches and filling, in time, the valleys. 

With reference to the clearings, de Humboldt says in Cosmos : 
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" The clearings on the mountains will lead to two great afflictions for 
future generations — ths want of caloric and the want of water." He adds 
that " the strong transpiration of the leaves spreads great dampness in 
the air, which is carried by the wind great distances. Forests give, 
besides, to the lands that they shelter, a protective covering, and delay 
the flowing of rain-water ; the streams are naturally maintained in their 
normal condition ; the flowers do not get dried up, and the cultivator of 
the plain may depend upon the neighbouring mountains for the irrigation 
of his ground." 

In pursuing the subject of clearing, de Humboldt again says : " River 
beds, which remain dry a part of the year, become changed into torrents 
when it rains. The grass and moss disappear with the ligneous vegeta- 
tion ; the millions of leaves which imbibe the humidity disappear with 
the trees, and the rain-water is no longer retained in its course. Instead 
of increasing by degrees, very slowly, and by infiltration, the water issuing 
from the melting of snow or from rain is precipitated from the mountains, 
forming torrents which bring down into the valleys the earth which they 
carry with them, thus causing inundations." 

To anybody who has traversed the French Alps (at the present time 
almost denuded) and the Swiss Alps (where the forests have been 
better preserved) the effects of clearing are manifest. In the Frencb 
Alps there are numerous courses, usually dry in summer, which, upon the 
melting of the snow and in stormy weather, become turbulent streams. 
In the Italian Alps, on the other hand, the streams do not generally 
become large enough to cause great floods. 

In considering the influence of forests on the rigime of water we will 
point out the impediment that they put in the way of avalanches. Many 
highland villages only owe their preservation to a forest, whose trees arrest 
this dreaded scourge. As a particular instance the village of Andermatt, 
in Switzerland, can be cited. Its existence depends upon that of a forest 
of flr- trees, covering a slope which is ravaged each winter by avalanches. 
This fact is recognised to such an extent that the felling of trees is 
forbidden under the severest penalties. 

Forests exercise another action, not so well defined perhaps, but still 
more important, if a clearing is considered only in a particular locality. 
"We refer to the destruction of miasma. The production of malaria 
is favoured by the decomposition of animal or vegetable matters, which 
occurs in marshy countries, such as marshes celebrated for their unhealthi- 
ness. Forests appear to exercise a destructive action over the miasma, 
and certain countries — Sologne, for example^ — have become unhealthy 
owing to clearing the land of trees. 
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The example of the small town of Chantilly may here be cited, which 
is never visited by cholera, whilst the village of Montataire, situated at 
no great distance, biit quite outside of the forest, is always attacked 
first when the terrible scourge makes its appearance in the Isle of 
France. 

M. Becquerel, in discussing the important question of clearing, has 
arrived at the following conclusions : — 

(1) Large clearings diminish the quantity of spring water flowing in a 
country. 

(2) It cannot be decided whether this diminution should be attributed 
to a less annual amount of water fallen or to greater evaporation of rain- 
water, or to these two causes combined, or to a fresh dispersion of the 
rain-water. 

(3) A plantation in a dry and open country consumes a portion of 
the running water. 

(4) In those countries which have not undergone any change in 
cultivation the quantity of spring water always appears to be the same. 

(5) Forests, whilst preserving spring water, husband and regulate 
its flow. 

(6) The dampness which exists iu forests and the intervention 
of the roots to make the soil more permeable must be taken into 
consideration. 

(7) Forests in mountainous countries exercise an influence over water- 
courses and streams ; in plains they only act upon the springs. 

In concluding this part of our study as to the evil influence exercised 
in our country (France) by clearing, we may quote the conclusions 
which can be drawn from an examination of the forest map of France. 
It may be said that clearing is very unequally carried out over the 
different natural divisions of France studied in its ensemble. Contrary to 
the previsions based on geological and mineralogioal conditions and on 
the well-known propensity of forests to continue to spread, it is where 
agriculture has ceased to be profitable that the valleys and their water- 
sheds have been least deprived of their trees ; whereas the great trees 
standing alone or in groups in the plains or in the high lands have been 
almost completely cleared, especially iu the central districts. 

The necessities of consumption, the bulky nature of timber, and the 
difficulty and high price of transport, have in a large measure brought 
about this result. 

But it is noticed, on the other hand, that in each basin, separately 
considered, the division of agricultural and forest production is quite logi- 
cal, perfectly subordinated to the geological structure and to the mineral 
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composition of the soil. It is seen, that with few exceptions agriculture 
occupies all the fertile lands, that sylviculture occupies those lands only 
which, without its co-operation, would remain consecrated to sterility, 
namely, sandstone and siliceous sands, calcareous substances, and the 
crests of hills and slopes. It can, at any rate, be concluded from this 
examination that to the slightly fertile regions and to the poor and 
unenlightened populations correspond the uuwooded and unproductive 
regions, and that a wooded country spells a prosperous country, and that 
when we say an unwooded country, we say a poor country. 

Let us add that it would be inexact to say that iron, with its various 
uses in building, could act as a remedy for the dihoisement XoX&axia^ of 
territory, for it has been proved, on the other hand, that the consumption 
of timber has never been larger than since the generalisation of the 
employment of iron. 

It is therefore incumbent on civilisation to attend to replantation, the 
more so as it takes a considerable time before the tree becomes of service 
from an industrial point of view. The following table shows the average 
age of the different forest varieties at the most advantageous time of 
felling : — 

Years. 

Common walnut . . ... 250 to 300 

English oak . . . 250 

White oak 200 

Common chestnut . . . 200 

European lime . ..... 125 

Dutch lime .... . 90 to 100 

Beech .... . . 90 „ 95 

Elm . . . ... . 90 „ 100 

Forest pine ........ 90 

Sycamore .... . 50 

Elm, poplar, birch . . . 50 to 60 

These are well-established facts, namely, on the one hand, the necessity 
of preserving and improving the forests luMch remain ; and, on the other, the 
expediency of replanting elevated and poor countries, not only on their own 
account, but to improve the valleys. The means and processes most easily 
leading to the attainment of this last result will now be treated. 

REPLANTING. 

The Law of 28th July 1860 as to replanting, and that of 8th June 
1864 as to the turfing of mountains, have given to all the questions 
referring to the different modes of restocking a great impulse, which has 
been fruitful in results. 
14 
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As a consequence of the terrible inundations of 1856", public opinion 
unanimously indicated that the rewooding of the mountains was the most 
certain means, if not to prevent a recurrence, at least to attenuate the 
terrible consequences of them. 

From 1861 the work was commenced. Since then, the numerous 
studies which have been made, the valuable observations collected, and 
the undeniable and striking results which have been obtained have 
victoriously replied to the early objections. 

The successive accounts published by the Administration of Forests 
have made known the degree of advancement of the labours, their success 
and expense. Upon every point of the mountainous regions of France 
where replantings, whether optional or obligatory, have been under- 
taken, the young forest existing to-day presents and maintains the most 
categorical refutation of the preconceived allegations which had refused to 
it the possibility of being born, living, and becoming developed. 

In the high regions of the Alps — that classic land of torrents — 
numerous plantings of resinous varieties may be seen to-day, adapted to 
the local climate, sending forth their vigorous vegetation, not only in the 
receiving basins of the floods now prevented by the works, but even upon 
their always protected and fixed banks ; whilst these torrents themselves, 
formerly so dreaded, have become not only inoffensive streams, but all 
the more precious as they supply agriculture with better and more 
abundant irrigation water. 

Thousands of acres are to-day rewooded. Disseminated over the 
whole extent of ground forming the basins of the torrential water-courses, 
these plantations comprise a vast defensive system which as it becomes 
completed gradually regulates the streams. 

But to provide for these plantations enormous quantities of seeds 
and plants are necessary. 

However, the State has established, since the law as to replanting, 
certain drying establishments where the seeds gathered close to these 
works are directly prepared. Algeria also provides an important quantity 
of seeds of the Aleppo pine and cedar. 

As for the plants, they come almost entirely from the nurseries 
specially created by the State in view of the work of replanting. 

Among these nurseries, some, called volantes, are established close to 
the future plantation ; others, more considerable, are permanent. In this 
way supplies of plants of all sorts are prepared on a vast scale. 

With regard to the forest varieties adapted for plantations it may 
at once be said in a general manner that the Sylvester pine, pitch pine, 
and larch are the three varieties whose employment, in mountainous 
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regions, has been most extensive since the coming into operation of the 
law as to replanting. 

Other varieties have been successively introduced into the re- 
stockings in proportion as new experiments have been attempted. 

The oak is planted everywhere where the conditions of soil, climate, 
position, and altitude appear favourable to the development of this 
valuable variety. 

The Austrian black pine, specially adapted to calcareous soil, is 
successfully employed in a great number of districts. 

The hooked pine, whose vigour permits of its being planted in the 
most rigorous climatic conditions, is employed in high portions of the 
Pyrenees, the Alps, and the mountains of the centre. 

The Aleppo pine, the variety par excellence of the mountains of 
Provence, succeed very well in the South. 

The , cedar, sown on different points of the Alps, Auvergne 
Mountains, Cevennes, and Pyrenees, grows there with remarkable 
vigour. 

The ailanthus, planted at a moderate altitude, appears to give equally 
good results, by reason of the very pronounced shooting property of its 
roots, which retain the earth upon the slopes. 

Among the foreign varieties whose naturalisation appears to be 
carried out with success, may be cited the Nordmann fii', cedars, the 
Pinsapo, bald cypress, Wellingtonia, Thuja yigantea, eucalyptus — this 
last has been successfully grown upon the mountains surrounding Nice, in 
Corsica, and especially in Algeria. 

Some details will now be given of these different forest varieties fit 
for replanting purposes according to the respective climatic conditions. 

(1) Waem Region. 

The Aleppo pine, very extensive in Algeria, forms very extensive 
forests there, covering thousands of acres. 

Provence, where it assumes the name of white pine, contains it in 
large quantities, principally upon calcareous slopes. If the position is 
warm, it may flourish even at an altitude of about 2200 ft.; in the 
opposite case it will not grow above an altitude of 1300 ft. 

This variety is the most valuable for replanting ; it grows even in the 
worst soil, and braves easily the heat of the sun. 

The plantation of this pine produces in a short time complete groups 
in the poorest and most sterile soil. 

Moreover, this tree furnishes a thick covering, for its trunk is 
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provided with numerous branches, and the neighbouring soil is rapidly 
increased by the decomposition of its long and abundant needles. 

It grows rapidly, but it has a short life, and must be utilised towards 
the twenty-fourth year. 

The wood of this variety is fine and compact, but more brittle than 
that of other resinous varieties. It is preferably employed in the 
manufacture of packing cases. 

The resin which is obtained from it is of excellent quality, and the 
warmer the climate the more abundant is it. 

This tree can be very easily intermixed with other varieties, especially 
the evergreen oak. 

The Aleppo pine is employed for plantations, whether by the medium 
of seeds or slips. 

The maritime pine occupies vast stretches of forest in Provence, 
Languedoc, and Landes. It is also met with in Brittany. 

This tree favours especially siliceous soils and those belonging to 
volcanic formations. It is also found in the Maritime Alps, upon 
calcareous ground, often mixed with the Aleppo pine. It succeeds 
equally well in soils with a calcareous base by means of artificial restock- 
ing, but it especially requires a light soil. 

It will always be expedient to give preference to the maritime pine 
in siliceous and volcanic soils and to reserve the Aleppo pine for those 
soils where calcareous matters abound. 

The maritime pine, which has less foliage, and is straighter than 
the Aleppo pine, does not endure dryness so well as this latter. Like 
it, it supplies the soil with an abundant manure, the age at which it can 
be utilised being the same. 

Eesin is the principal product of this variety. The presence of the 
resin does not diminish the qualities of the wood ; on the contrary, it 
increases its durability and resistance ; it is harmful to the growth of the 
trees, however, and deforms them. 

The maritime pine serves for the same purposes as the Aleppo pine, 
though its dimensions are not so great. 

Planting it with the cork-tree succeeds better than with the ever- 
green oak, because it prefers volcanic soils, which also improve the 
timber of the oak. 

In replanting, the maritime pine is employed more frequently as seed 
than as young trees, because, on the one hand, its seed is of moderate 
price, and, on the other, its tap-root, which is not so fibrous as that of 
the Aleppo pine, presents more risks in plantation. 

As for the evergreen or holm oak, this variety ordinarily forms in 
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France simple coppices, cut for sale at rather short intervals. Forests 
of evergreen oaks are not met with. However, large but isolated 
specimens of this tree are found. 

The species called by the Algerians hallote supplies sweet, comestible 
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Fig. 114.— Oak. 



acorns, supplanting the chestnut. This variety, which is rather rare, is 
found in Provence. 

The evergreen oak is far more widespread than the Aleppo pine; 
it is found along the shore of the Bay of Biscay as far as the Loire. 
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In the Maritime Alps coppices of evergreen oaks are met with at 
an altitude of about 3900 ft. in warm positions, but in the interior 
their altitude does not exceed 2000 ft. 

This tree prefers calcareous soils ; at low altitudes, in volcanic 
ground, it is replaced by the cork-tree. This is a valuable variety for 
plantations, and its covering, which is very thick, gives to the surrounding 
earth constant freshness. Its growth is slow ; its timber, which is very 
hard, is largely utilised in commerce. 

The coppices give a very good firewood, and its bark is highly valued. 

In planting the evergreen oak, young trees cannot be utilised on 
account of the great length and nudity of the tap-root. For this variety 
one is compelled to have exclusive recourse to seeds. But the fact of its 
having a very long tap-root renders it suitable for preventing landslides 
in sloping ground. 

The Cork-tree, as has already been seen, is very common in Spain 
and Algeria ; it belongs to the flora of the Mediterranean. 

It is especially upon the littoral, at altitudes not exceeding 2200 ft. 
in warm positions, that it is met with. It forms important groups upon 
soils generally fertile, produced by the disintegration of volcanic rocks. Its 
employment for planting purposes is very limited by its exigencies, though 
it is necessary to take account of its products, which are very valuable. 

The growth of this tree is at first very slow, then at the age of six 
years it commences to quicken. 

As for the preceding varieties, it is preferable to use seed - plots 
rather than to transplant. 

This special point will be more fully dealt with further on. 

The Carob-tree (Locust) is met with in France upon a part of the 
littoral of the Maritime Alps. It also grows in the vicinity of Toulon, 
and in these places some beautiful specimens of it exist. 

It is never seen in groups ; without actually becoming very large, it 
often attains a good size. 

All soils suit it, with the exception of marshy or sandy ground. 
Eocky and dry soils suit it admirably. 

The covering of this tree is very thick, and its leaves are persistent. 
The fruit is often used as a nutriment for horses ; the timber, which is 
hard and compact, is employed in cabinetmaking. 

The growth of the carob-tree is very rapid. Its employment in the 
rewooding of bare land has given excellent results in Algeria and the 
Maritime Alps. 
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The Fir-cone Pine grows principally upon the littoral of the 
Mediterranean, where it often forms isolated clusters, presenting itself in 
the form of specimens remarkable for their height and diameter. 

In Provence it has received the name of kernel pine ; its seed, which 
is very large, is comestible. 

It is most frequently found at the bottom of valleys, though it can 
adapt itself equally well to dry and rocky soils. 

The growth of this tree is rather rapid, though slower than that of 
other pines. 

Its well-supplied branches do not assume a pyramidal form ; they be- 
come straight from their early years, the tree assuming a semi-ovoid form. 

When the tree gets older the higher branches spread out more and 
more, giving it a characteristic form, whence it has derived the name 
parasol pine. 

The fruit is formed of large cones highly charged with resin and 
comestible seeds. 

The thick covering of this tree makes it very valuable for rewooding 
purposes, for it prevents the vegetation of the underwood and maintains 
the freshness of the soil. It has also been extensively used for planta- 
tions carried out by the State, the results obtained being very satisfactory. 

Besides, the deep rooting of this variety enables it to resist the action 
of the wind, thus rendering it very suitable for fixing unstable soils. 

For rewooding purposes, seeds may be employed as well as young 
trees, though as a rule the latter are preferable. 

Certain exotic varieties have been attempted to be utilised for re- 
wooding purposes in warm countries, such as the Eucalyptus globulus, 
Grevillea rohusta, and the Filao of Madagascar. As a general rule, these 
attempts have not been crowned with success. 

To sum up, the only varieties which can be relied upon for the re- 
wooding of bare land in warm countries are those having persistent 
leaves, more especially the Aleppo pine, evergreen oak, and maritime pine. 

(2) Temperate Region. 

This may be subdivided into two regions, namely — 

(1) That with a mild climate — where the vine and English pedun- 
culated oaks are found. 

(2) That with temperate climate — where oaks still present them- 
selves, though the forest pine dominates and the beech and fir commence 
to be seen. 

Oaks with caducous leaves form large forest groups essentially com- 



2i6 TIMBER 

posed of the two valuable varieties already cited, namely, English and 
pedunculated oaks. 

The former of these two trees grows well in rough ground, as also upon 
mountains. 

The latter prefers plains with deep, fresh, or damp soils, and is not 
found upon mountains. 

The pedunculated oak is found in the north of France, though very 
rarely in the south-east. Not being able to subsist on mountains, it 
presents no interest for rewooding purposes. On the other hand, the 
English oak is of frequent employment in the Alps for this special point 
which engages us ; it is there met with even at an altitude of about 
3300 ft. 

If we descend from north to south, it is found that forests of English 
oak become less and less frequent. In Provence it has completely dis- 
appeared, being replaced by groups exploited in the form of coppices. 

As a rule, the English oak grows in all situations, though it prefers 
rather deep soils. 

Its thick foliage as a young tree renders it sensible to atmospheric 
changes. It is therefore necessary to provide it with a slight shelter ; 
this is done by introducing other varieties of rapid growth, of which 
transitory varieties are made, because they are destined to disappear at 
the end of a little time. 

It is therefore evident from these observations that the English 
oak is still a valuable species for rewooding purposes. 

The Chestnut-tree is found in the warm and temperate regions of 
Prance. It is very extensive in the centre and south-east of France, 
though never in proper forest groups. 

Howevei", in Alsace and upon certain slopes of the Vosges, it has 
been endeavoured to constitute from it groups exploited like simple 
coppices. In the south-eastern mountains this tree, which can live at 
an altitude of about 3000 ft., generally prefers mellow land, composed 
by disintegration of volcanic rocks. 

This variety of tree is very sensible to frost; strong winds are 
equally harmful to it. It is especially come across in temperate valleys 
and upon slightly rapid and non-rocky slopes. 

The wood of the chestnut-tree, which is very analogous to that of 
the oak, does not always possess the same qualities as it ; it is especially 
sensitive to atmospheric variations. Its covering is thick and its growth 
very rapid. 

From the point of view of rewooding, the oak itself is by far the 
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most preferable, but it can often be utilised for the creation of simple 
coppices, in view of utilising it in the making of tool handles and especi- 
ally hoops for casks. 

The Forest Pine, very common in the plains of the North and East, 
is also found in the mountains of the Alps of Provence, where it com- 
mences to show itself at an altitude of about 3300 ft. In warm 
positions it even grows at an altitude of about 6000 ft. 

This tree forms very beautiful groups, often mixed with other 
varieties. Preferring sandy and deep soils, it will also prosper even on 
the most meagre soil, and that which is most exposed to the sun, but it 
is not found upon argillaceous or too damp soils. 

Its tap-root strikes easily in light soils, the lateral roots then^ being 
slightly developed ; in clayey soils, on the other hand, the same roots take 
upon the surface of the soil a great extension, even attaining to a length 
of about 05 ft. 

The covering of the pine is very light, which permits of its young 
shoot easily resisting the heat of the sun. 

The timber, which is very good for carpentry, sawing, and building, 
produces an excellent tar. 

After the first four years, the growth of this tree is very rapid, and 
while still young it gives to the soil an abundant manure. 

Being very vigorous and easily living at different altitudes and in 
medium soils, the forest pine is very advantageous and largely utilised for 
rewooding purposes. The lightness of its covering and its rapid growth 
cause it to be equally employed as a transitory variety in the protection 
of young plantations of oak, fir, and beech. 

This variety can be equally employed by seeds or plantations. 

It is the only indigenous pine which presents itself in the average 
region of France ; another species of pine — the laricio pine — is also very 
valuable for rewooding purposes. 

Two principal varieties of it are known — tliat from Corsica and that 
from Austria, or black pine. 

In Corsica the laricio pine replaces the forest pine, and can even grow 
at an altitude of about 5525 ft. 

From a rewooding point of view this variety is not very interesting, 
because, on the one hand, of its preference for volcanic soils, and, on the 
other, of its very great sensitiveness to cold, so that in Provence even it 
cannot flourish at more than an altitude of about 4550 ft. 

The Black Pine is principally met with in the Styrian Alps at an 
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average height of about 2275 ft. The climate of these mountainous 
regions is dry and often very cold. 

In France no old group of black pines is nret with. However, the 
naturalisation of this tree is regarded as very useful by our (the French) 




LCrarbGr 



Fig. 115.— Elm. 



forest school. In general, calcareous earths are most favourable to it. 
Its tap-root is early replaced by powerful lateral roots, which give it a 
very strong hold, permitting it to resist the most violent storms. An 
abundance of snow does not harm it to such an extent as it does the 
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forest pine, thanks to the strength of its branches. The top is less subject 
to attack of pyrales ; it also remains very straight. 

Its foliage is very thick, and, in spite of that, its young shoots 
endure the heat of the sun very well. 

Its timber is preferred in building to that of the forest pine ; it is 
harder and denser. The fuel which it provides is excellent ; it pro- 
duces an excessively abundant resin. 

The whole of the qualities of the black pine make a variety of it 
which can be recommended for the rewooding of bare ground and 
calcareous soils. For more than twenty years its employment has 
been greatly developed, the results produced always being very 
satisfactory. 

If, now, we ascend the scale of altitudes, we come across the leech 
at the same time as the Sylvester pine. In Provence the beech grows in 
warm positions to an altitude of from 4000 ft. to about 5525 ft. In 
cold situations it commences at about 2925 ft., and is never seen beyond 
4875 ft. 

On the other hand, however, the fir is never found in warm situa- 
tions, always growing in the North. 

These two varieties of trees cannot be employed for rewooding bare 
land ; their young shoots have great difficulty in withstanding atmospheric 
variations. 

Of the two principal varieties of elms — the 7-ural elm and the moun- 
tainous elm — only the first has sufficient qualities to render profitable its 
introduction into the replanting of land with trees. This variety can be 
utilised even to an altitude of about 4875 ft., provided that the situations 
are good. Eather fresh calcareous soils are the best ; strong and oblique 
roots then sprout out, giving it a very solid hold. The covering of this 
tree is thick, and its foliage abundant. Its timber, which is hard and 
resistant, is very valuable. 

If it be desired to utilise this variety for rewooding purposes, it must 
be done by means of transplantation. 

Of the ashes, only the common ash is recommended for rewooding. 

Very common throughout the temperate region, this tree is found 
upon the mountains at higher altitudes than the elm ; it is also seen in 
the Alps at a height of about 5850 ft. 

The covering is slight, and its leaves give a very good forage. It 
prefers fresh soils, and can still be obtained in beautiful varieties upon 
dry ground, provided that these latter are mellow and deep. 

The qualities of its timber are remarkable ; in rewooding it can only 
be usefully employed by means of transplantation. 
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As has already been seen, the principal varieties of maples are the 
sycamore, Norway, field, and Montpellier. 

The first, extensively found in mountains, is often met along with the 
larch at great altitudes. It therefore belongs as much to the Alpine 
climate as to the temperate one. It grows rapidly, living sometimes to a 
very advanced age. 

Its covering is thick, and the foliage can be employed as fodder and 
stable-litter. 

With regard to the Norway maple, it is seldom found in the moun- 
tains, and its foliage is not so highly prized ; it is therefore not very 
interesting from a rewooding point of view. 

The other maples must be employed like the two first by means of 
plantation ; as a rule, they must be employed isolated in the midst of 
groups having other varieties amongst them. 

We will not insist upon the limes, sorhs, service-trees, wild cherry-trees, 
and hirch-trees, the properties of these different varieties — of less import- 
ance from a rewooding point of view — having already been described. 

The roUnier, which comes to us from Northern America, cannot be 
reproduced. This tree prefers fresh soils ; its timber, which is very 
sinewy, and of rather heavy specific gravity, is largely employed. Its 
growth is very rapid ; it can be utilised for planting, whether in the 
creating of new shelters or for fixing unstable ground or denuded slopes. 

The alders and poplars offer but little interest from a rewooding point 
of view ; they can, however, be advantageously replaced by certain exotic 
varieties, such as the poplars from Canada, Virginia, and Ontario. 

The willows can be used to fix vegetation at the bottom of ravines, 
equally for fascine and wicker-basket making. 

Among the shrubs able to furnish useful co-operation in the work of 
rewooding, whether in the early fixing of the soil or in the forming of a 
first shelter to the young plants of the large species, may be cited the 
hazel-nut-tree, dog -herry -trees, hawthorn, diospyros, MahaUb cherry-tree, 
juniper, Alpine cytisus, drier, boxwood, sea-hucldhorn, and iroom. 

Of all these varieties we shall only retain the juniper -tree. We have 
already said that this shrub belonged to the Coniferous family. It grows 
in the temperate regions, upon arid soil and principally upon mountain 
slopes, where it is still met with at very great heights. 

The juniper is of wild and deformed aspect, with pendant branches, 
almost linear leaves, and naked buds. Its average size is scarcely 5 ft. 
In the south of France it may even reach about 20 ft. high. 

The bark of the stem and branches is rough, of a reddish-brown 
colour, the leaves are lanceolate, and it has a tap-root. The strobile, 
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which is pulpous and succulent, and which has wrongly been called a 
lerry, is formed of modified florets of the female catkin. At first green, 
then violet, sometimes black, it takes two years before it arrives at 
complete maturity. It encloses three oblong, osseous seeds, which can 
be made to germinate advantageously in light and new soil, and with- 
out dung. The juniper is also reproduced by means of cuttings and 
shoots. 

The species Juniperus comprehends about twenty varieties, having 
amongst them a deal of resemblance. 

In addition to the foregoing, there is the oxycedar juniper, which gives 
by distillation of its wood an empyreumatic oil of tarry odour and of 
caustic savour, known under the name of cade oil. 

The Virginian juniper is employed in toy-making, and its strong 
odour preserves the objects manufactured from attacks of insects. 

The common usages to which this shrub is put are only of minor 
importance ; it is useful for making hedges and vine-props. Its timber, 
which is hard and of a red vein, can be employed for lathe-work ; its 
fruit, by fermentation, gives a rather agreeable beverage, and serves in 
Holland to aromatise alcohol. 

This shrub, moreover, propagates abundantly in unwooded places ; it 
can become the most direct agent for rewooding. 

Indeed, the falUng branches of this shrub form a sort of cradle for 
the seeds. The earth formed by the arrested detritus is abundant there, 
porous, and always fresh ; the young plants growing under its shelter 
have nothing to fear from the violence of the wind. 

The juniper is an excellent protector. On account of its resistant 
bark and very dense fibres it can defy all intemperateness of the weather. 
It holds to the soil by strong tap-roots, which, sparing the superficial 
mould, strike deep for the nourishment which they need. As is seen, 
it is one of the most useful species for rewooding purposes. 

(3) Cold Region. 

In this region we shall again meet groups of beeches and firs, 
followed, higher up, by the hooked pine, pitch pine, and larch. 

The first, the Hooked Pine, is found in important groups in the Alps 
and Pyrenees. It is one of the precious varieties for the rewooding 
of high and cold mountains, where the pitch pine and larch could not 
prosper if the conditions of soil and position were unfavourable. 

The branches of this tree assume a candelabra form ; they are also 
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far less exposed than those of the forest or black pine to the havoc 
occasioned by the accumulation of snow. 

This variety must therefore be distributed over high slopes. 







Fig. 116.— Alder. 



In these regions large groups formed by the pitch pine and larch are 
equally met with. 

But from a rewooding point of view the pitch pine does not present 
the resources which might have been expected of this variety. 

Eather sensitive to atmospheric influences in its early years, it 
requires from the soil a certain freshness which is only found with 
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difficulty upon mountains devoid of vegetable shelter. Its employment 
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Fig. 117.— White Poplar. 

is therefore compulsorily limited wherever this protection cannot be 
procured for it. 
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The Larch, on the other hand, is the fundamental base of all the 
rewoodings at great altitudes. It is found in France in large groups in 
the Alps of the Dauphiny and of Savoy. In Switzerland it is found in 
the mountains of Valais and Grisons. 

This variety grows in all kinds of soils, even in that which is at an 
altitude of about 8125 ft. 

When young the larch resists very well the roughest inclemencies 
without requiring any shelter. Its covering, which is light (owing to its 
thin, short, and slightly abundant branches), is sufficient to shelter the 
herbaceous vegetation which is developed around it all the more vigor- 
ously as the soil is well manured by the annual falling of the leaves. 

For the first three years the growth of young larches is very slow, 
but after the fourth year they grow rapidly. 

This rapidity, added to the capacity of the larch to flourish at 
great altitudes, make this tree very valuable for rewooding lofty moun- 
tains. There should therefore be great interest in its propagation, all 
the more so as its timber has such excellent qualities. 

There are other varieties of the temperate region which can also 
withstand the rigours of the cold region, the principal of which are : the 
ash, hirch, birdcatchers' sorb, sycamore, maple, willows, cytise, hawthorn, and 
sea-buckthorn. 

If we go still higher towards the summit of the highest mountains, 
we find as the last representative of forest vegetation the Cembro Pine. 
This variety, which is essentially Alpine, only grows in dry climates. 
In Switzerland it is only met with in the Upper Engadine, and in 
France only in one part of the Dauphiny — in the neighbourhood of 
Brianqon. 

In Europe it is the only five-leaf pine. Being very robust, it 
withstands the roughest climate admirably, and can even exist at an 
altitude of about 9750 ft. 

The branches, of candelabra form, close against the trunk, are thus 
protected from the wind, and easily withstand the weight of snow and 
frost. 

As a rule, it lives in company with rhododendrons and green alder. 
Its growth is very slow. 

Provided the seed-plot is made under favourable conditions of 
convenient shelter against the clearing away of the soil around the trees, 
complete success is obtained. 

In the Lower Alps, in two rewooding experiments, 20,000 kilogs. 
of seeds were employed with an abundance of success. 

In the following table will be given a statement of the non-resinous 
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trees which are most frequently employed in the rewooding of mountains, 
with some numerical information with regard to them : — 



Description. 



Evergreen oak 
Cork-tree . 
English oak 
Carob-tree . 
Chestnut-tree 
Lavender . 
Eglantine . 



Beech 

Elm . 

Ash . 

Sycamore . 

Field maple 

Birdcatchers' sorb 

Service-tree 

Lime . 

Wild cherry-tree 

Birch . 

Robinia 

Alder . 

Cytisus 

Brianyon plum-tree 

Nut-tree 

Hawthorn . 

Dog-berry-tree . 

Thorny plum-tree 

Privet 



Time of 

Maturity of the 

Seeds. 



September. 
November. 
October. 
August. 
End of October. 
August. 
October. 



n - 
o S 



OS 

!2i 



Per 100 Kilos. 



Francs. 
14 
16 
12 

15 
8 
10 



Francs. 

14 

16 

12 
200 

15 
250 

56 



Time necessary for Germination. 



Time of 
Seed-Plots. 



Autumn. 



Spring. 
Autumn. 



Seeds for Sowing in Nurseries, 



October. 
May. 

November. 
October. 



June. 
July- 
November. 
September. 
October. 



18 


18 


25 


25 


40 


40 


35 


35 


30 


30 


45 


45 


40 


40 


50 


50 


30 


30 


40 


90 


15 


80 


10 
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40 


142 


10 


65 


30 


40 


15 


24 


15 


24 


10 


22 


20 


46 



Autumn. 

May. 

Autumn. 



July. 

Autumn. 

Spring. 

Autumn. 

Spring. 

Autumn. 



Time of Shooting from the 
Ground. 



Spring. 



One month afterwards 

Spring. 

Second spring. 



Following spring. 
Three weeks afterwards. 
Second spring. 
Spring. 

») 
Second spring. 



Spring. 

Three weeks afterwards. 

Spring. 

One month afterwards. 

Second spring. 

Following spring. 

Second spring. 



As a complement of this important information we give on the next 
page a table of the principal varieties, with the different conditions 
of soil, climate, and situation in which they must be placed in order 
to obtain good results. 



REPLANTING IN ALGERIA — REPLANTING OF THE CORK-TREE. 

In the actual state of the Algerian forests, and with liberty of 
pasturage, it would have been very difficult to successfully effect artificial 
restocking; the Law of December 9, 1885, had for its object the 
arresting of the clearing of land of trees by checking the abusive 
exploitations and pasturage which lead to it. 

According to this Law, every individual, European or native, who 
wishes to cultivate or remove the bark, in whole or in part, no matter 
IS 
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what the variety, from the forests which belong to him, is compelled to 
make a declaration of his intention to the Secretary of the Prefecture, 
for he must not commence his exploitation without authority. 



Description. 



Aleppo pine 
Aspen poplar 
Austrian pine 
Beech . 
Birch . 

Birdcatchers' sorb 
Chestnut 

Cimbro pine 
Common alder . 
Common ash 
Cork-tree . 

Corsican pine 
Corsier oak 

Domestic.sorb 
Elms . 

English oak 

Fibrous oak 
Fir . 

Fir-cone pine 
Flowering ash 
Forest pine . 
Hazel-tree . 
Holm .oak . 
Hooked pine 
Kermes oak 
Larch . 
Lime . 

"Lord "pine . 
Marcescent willow 
Maritime pine 
Nettle-tree . 
Pedunculated oak 

Pitch pine . 
Plane maple 
Robinia 

Field maple 
Sycamore maple . 
Tauzine oak 

Terminal service- 
tree 

Varnish - tree of 
Japan 

White alder 

White service-tree 

White willow 
Wild chen-y-tree . 
Yoke-elm . 



Soil. 



Dry, light, calcareous. 

Light, damp. 

Light, dry, calcareous. 

Argillo-'sandy. 

Fat, sandy. 

Dry and divided. 

Substantial, deep, sili- 
ceous. 

Fresh, deep, divided. 

Humid, aquatic. 

Water-banks. 

Feldspathic and schist- 
ous, light. 

Light, argillaceous. 

Alluvion, siliceous, and 
argillo-siliceous. 

Calcareous, argillaceous. 

All excepting too damp 
argillaceous soil. 

Argillaceous, very deep, 
and rich. 

Argillo-siliceous. 

Fresh and permeable 
soils. — 

Light, fresh, deep. 

Argillaceous, rich. 

Deep, light. 

Fresh and rich. 

Calcareous, dry. 

All. 

Sandy. 

Divided, cold, deep. 

Fresh, deep, light. 

Light, marshy. 

All. 

Sandy, deep. 

Light, fresh, and deep. 

Argillaceous, very deep, 

and rich. 
Fresh, damp, turfy. 
Deep, divided, fresh. 
Light and fresh. 

Deep, divided, fresh. 

Light and fresh. 

Calcareous, sandy, fresh, 

and light. 
Siliceous, light, argillo- 

sandy. 
More fresh than damp. 
Calcareous or argillaceous 

Damp and divided. 

Dry, deep. 

Fresh, argillo-siliceous. 



Climate. 



Warm. 
Mild. 



Cold and mild. 

MUd. 

Warm and cold. 

Cold. 

Indifferent. 
Mild or cold. 
Warm. 

Mild. 
Warm. 

MHd. 



Warm. 
Mild, warm. 
Mild. 

it 
Warm. 
Cold. 
Warm. 

Dry and cold. 
Mild and cold. 

Mild. 

Indifferent. 

Mild. 



Mild and tem- 
perate. 
Mild. 



Indifferent. 
Mild. 



Cold and mild. 



Indifferent. 
North and east. 
Indifferent. 
North, north-east 
South-east, south- 
west. 
Indifferent. 
East, north-east. 

Indifferent. 

North. 

Shady and fresh. 

Southern. 

Indifferent. 
Southern. 

Fresh. 

North and east. 

North-east, west. 

North-east, west. 
North and east. 

South. 

Warm. 

Indifferent. 

North-east, west. 

Warm. 

South. 

Indifferent. 

)) 
North and north- 
west. 
South. 
Indifferent. 

)) 
Warm. 
North-east, west. 

North, east. 
Shady and fresh. 
Warm and shel- 
tered. 
Shady and fresh. 

Warm. 

West, east, south- 
east. 

North and north- 
west. 

North. 

West, east, south- 
east. 

Indifferent. 

South, west. 

North and east. 



Growth. 



Average. 

Rapid. 

Average. 

RapiJ. 

Slow. 
Medium. 

Very slow. 
Rapid. 
Average. 
Slow. 

Average. 
Slow. 



Average. 
Medium. 

Average. 

Slow. 
Average. 

>j 
Rapid. 

Slow. 

») 
Very slow 
Very rapid. 
Average. 

Rapid. 

1) 
Average. 
Slow. 
Medium. 

Rapid. 

Average. 

Rapid. 

Average. 

Slow. 



Rapid in 

youth. 
Rapid. 
Slow. 

Rapid. 

Average. 

Slow. 
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The abusive exploitation or pasturage leading, as a consequence, to 
the destruction of the whole or part of the forest, are comparable in 
their results with clearing. 

The regulations of the Forest Code relative to the clearing away of 
the forests are applicable to brushwood — 

(1) Found upon the top or slope of mountains. 

(2) Serving as a protection for streams and water-courses. 

(3) Serving as a protection for dunes and shores against the erosions 
of the sea and encroachment of the sands. 

(4) Necessary to the public health. 

The following table, extracted from the general programme as to 
rewooding in Algeria, shows the area of ground to be wooded, and of 
wooded land to be acquired, along with an estimate as to expense : — 



Provinces. 


Area of Ground to be Rewooded, 
and Wooded Lands to be Acquired. 


Estimate of the Expense. 


Of the State. 


Of Communes 
or Tribes. 


Of Individuals. 


Cost of 
Acquisition of Land. 


Cost of 
Planting. 


Algiers 
Oran . 
Constantine 

Totals 

Algiers 
Oran . 
Constantine 

Totals 


Hectares, 

1,027 

11,017 

9,855 


Northern 

Hectares. 

4,827 

12,704 

29,618 


Region. 

12,930 
17,398 


Francs. 
661,500 
446,300 


Francs. 
836,100 
7,716,600 
5,921,325 


21,899 
5,193 


47,149 
Intermedia 

1,150 


30,328 

te Region. 
1,000 


1,107,800 

10,000 
15^000 


14,474,025 

550,000 
1,008,100 


5,193 1 1,150 


1,000 


25,000 


1,558,100 



Until the Budget resources allow of the carrying out of the general 
programme for planting with trees land once occupied by forests, the 
forest service will endeavour to preserve and improve those woods which 
now exist. 

As for the varieties, the employment of the Aleppo pine is preferred, 
as this will grow in the driest soil. The cork-tree also succeeds very 
well, but its growth is slow. The wooding of empty spaces with the 
cork-tree is more easily and economically obtained by means of seed- 
plots than by plantation, as the latter requires more care and a more 
intelligent master-hand, necessitating also the previous establishment of 
nurseries. 

The acorn of the cork-tree ripens at the end of October. The most 
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economical process* of gathering it consists in beating the tree during 
the second half of November, receiving the acorns upon cloths held 
underneath. 

If the ground to be rewooded is covered with underwood, this must 
be cleared away and the product burnt upon the spot. 

If the clearing away takes place in autumn, after having roughly 
levelled the soil the acorn is sown at random and is slightly buried by 
dragging along a fagot of thorns. Five hectolitres of acorns per hectare 
is sufficient for such a seed-plot. 

When the ground is not covered with underwood one proceeds by 
means of tilling, unless the nature of the soil does not permit it ; in this 
case recourse must be had in places to the seed-plots. 

Sown in November or December the acorn shoots up in the month 
of April ; if in the spring, it comes up at the end of three weeks. 

The young shoot of the cork-tree is robust ; it does not, however, 
fear cover, which is favourable to it. 

When it is in the form of a group it grows rather quickly after its 
fifth year, and commences to form a stem. Its foliage is then abundant 
and dense. This circumstance, added to the fragility of its branches, 
causes it to often happen, in mountains where snow falls in winter, that 
the young plantings of the cork-tree suffer greatly, and have their tops 
broken off under the weight of the snow and frost clinging to their 
leaves. 

We may conclude what we have to say from a general point of view 
by stating the certain results which will be obtained by the extinction of 
torrents, consequent upon the creation of new forests in their receiving 
basins. 

In the first place, the fixing of the soil in the mountains will be an 
acquired fact ; great security for the surrounding hamlets will result 
from it. 

The torrents being then converted into streams, they can be easily 
embanked and a definite bed fixed : thence disappearance of all dangers 
for the villages disseminated along water-courses — dangers of inundation 
rendered much less significant. 

The enormous increase of the traffic on rivers and on streams taking 
the place of torrents will enable the meadow to be developed upon a 
large scale, and, as a consequence, enhance the richness of the Alpine 
countries. 

The regulation of the flow of rivers in the valleys of mountains 
and of lower water-courses — a consequence of preceding results — 
will have for effect the rendering possible of a complete system of 
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dams, and consequently the conquest of large stretches of land for agri- 
cultural purposes. 

The protection and safety of a large number of towns and villages — 
until then threatened by the filling up of the river bed and the diversion 
of the water-courses — will also result from this. 

It is therefore seen what immense advantages of every kind can be 
obtained by the intelligent planting of those mountains which are at the 
present day in a large degree denuded of trees. 



CHAPTER XV. 

EXPLOITATION OF FORESTS. 

Having previously given some information as to the principles to be 
followed in the culture, preservation, and stocking of forests, it is now 
proposed to show what are the best means to be employed to exploit 
these forests, so as to extract from them the largest possible proiit. 

The three principal methods of forest exploitation are : the simple 
coppice, that growing under lofty trees (coppice and forest comhined or 
compound copse), and ^q forest. 

SIMPLE COPPICE. 

The coppice is the mode of exploitation which suits private indi- 
viduals best, whilst for the State the forest method offers the greatest 
advantages. The compound copse holds the second rank, and the simple 
copse the lowest. 

The influence of the rigime of the copses upon the forests manifests 
itself by two effects equally disastrous : on the one hand, in the degenera- 
tion of trees, and on the other, in the loss of the vegetative quality of the 
soils and their impoverishment. 

This baneful influence is due : 

(1) To the frequency of the cuttings, which is absolutely con- 
trary to the preservation of certain varieties, such as the beech, which 
only shoots out again with dif&culty from stumps, and though to a lesser 
degree to that of other valuable varieties, such as the oak and yoke-elm. 
The latter, indeed, are destined to disappear, in the first place, because 
there is no complete and veritable regeneration like that which naturally 
occurs by means of seeds, and, in the second place, because these two 
varieties encounter, at each exploitation, the more and more dangerous 
competition of the white woods, the rapid spread of which, owing to 
their precocious fecundity in light seeds, stifles the varieties of slower 
growth and later fertility. 

230 
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(2) To the drying action of the sun and winds, which oppose the 
formation of the mould, the production of which can only take place 
under the influence of dampness, heat, and a calm air. 

Invasion of the white woods can be combated successfully by clear- 
ings and the perpetuation of the valuable varieties assured by sowing 
or planting the glades when the trees ready for market are cut down ; 
sometimes even by weeding and burning the weeds, which force the oak 
to shoot forth suckers. 

The species most adapted for coppices are : the Oah, for the bark ; 
the Chestnut-tree and Birch, for barrel-hoops and vine-props ; and the 
Willows, for the basket trade. 

It has already been said that, in order to combat the disappearance 
of valuable varieties in common copses, it is necessary to have recourse 
to the practice of weeding and then burning the weeds. 

In copses of oak this operation has for effect the augmenting of the 
quality of the bark, whilst forcing the roots to send out suckers. This 
process of weeding and burning the weeds permits, moreover, of the 
cultivation of cereals at each cutting for one or two years, and of thus 
making up, in the mountainous countries, the deficiency of arable land, 
due altogether to the poorness of the soil, its uneven form, and to the 
harshness of the climate. 

This mode of exploitation, to which forest craft has given the name 
of Sartage, has been already employed for a long time in Li^ge and Luxem- 
bourg, at different places in Southern Germany, in the Ardennes, in the 
mountainous part of Franche-Comte, and has since been introduced 
into France — notably into Auvergne. 

But if sartage is useful in certain mountainous countries whose 
climate is fresh or damp, and whose soil offers a certain compactness, 
it would present the gravest inconveniences in southern countries upon 
dry and light bases. In soils of this nature weed-burning would 
have the effect of multiplying that wood which is of little value 
(such as hawthorn, bramble, etc.), and likewise of impoverishing the 
soil. 

It is to this practice, applied in Africa by the Arabs under the name 
of h'seur and in Provence under that of taillades (cutting), that those 
enormous fires are due which almost every year devour thousands of 
acres. 

It is therefore seen that the processes and methods of exploitation 
which, in certain determined conditions, offer the greatest advantages 
may present very serious consequences if applied in other conditions not 
favourable to them. 
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COMPOUND COPPICE. 

This method of exploitation consists in leaving upon the spot, at the 
time of felling, a certain number of chosen reserves amongst the most 
vigorous trees destined to go through one or several revolutions. It 
suits essentially the communes, of which about two-thirds of the wooded 
property is still at the present day in France worked on this plan. 

The compound coppice presents the same inconvenience as the 
ordinary coppice, inasmuch as it favours the invasion of the soil by 
white woods and tends to impoverish it. There are, moreover, some 
difficulties as to choice, mimher, and distribution of the trees to be 
reserved, which must vary according to the stocking, which must never 
cover more than one-third of the ground. Here, as in the ordinary 
coppices, it is consequently necessary to complete by seed-plots or 
plantations the spaces and glades resulting from the felling of the 
trees. These replantings are, moreover, partly made by the falling of 
seeds from the reserved trees. 



TIMBER POEEST. 

This mode of exploitation is based upon the natural resowing of the 
soil. If it is worked like a coppice, it will be the young sprigs and the 
root-suckers which must be planted, in place of that which has been cut ; 
if the forest is worked for its timber, the seeds of the felled trees will sow 
the vacant spaces. 

The mode of exploitation of the timber forest, borrowed from the 
Germans, is almost exclusively followed — at any rate in Europe. 

The natural resowing of the soil is effected by the aid of three 
successive fellings, called regeneration fellings. These are in progressive 
order, the felling for sowing, having for its object the sowing of the soil, 
as its denomination indicates ; the secondary felling, whose object it is 
in removing a part of the reserves, to make the young plants participate 
in the atmospheric influences ; and the definitive felling, which removes 
all the reserves. Vigorous growth of the young plants is afterwards 
favoured by a series of clearings or glades. But whatever care is carried 
out in the application of these principles, it is evident that the natural 
sowing of the soil, left to itself, would often be incomplete, and that to 
complete it Nature must be assisted. 

The most favoured processes of replanting, which resemble the 
methods of rewooding upon which we have already laid stress, are of two 
kinds, namely, natural and artificial. 
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In forests of lofty trees, the rules of wise economy prescribe the 
turning to profitable account, as often as possible, of the resources of 
Nature to assure regeneration. Artificial replantings must be as limited as 
possible. Often rough tilling of the soil, under the shade of the reserves, 
permits of the seeds reaching the ground and of germinating under 
good conditions. The forest plough renders valuable services in this 
respect. 

The usage of the forest plough realises, at slight expense and rapidly, 
the following advantages : the mellowing, aeration, and making wholesome 
of the soil to the desired degree of depth ; destruction of grass-plots and 
parasitic plants, which it attacks at the roots, completely raising and 
turning them over ; complete utilisation of the seeds, distributed, natur- 
ally or artificially, by covering them with soil. 

This implement, moreover, is easily used, not only upon plains, but 
also on mountains, excepting in rocky or too hilly parts. 

In very heavy lands, invaded by the heather or other parasitic 
plants, weeding, followed by tilling with the forest plough, places the soil 
in the best conditions for the provision and success of the seed-plots. 

GATHERING OP THE FOREST PRODUCTS — PELLING OF THE TREES. 

At what age should trees be felled ? This question is complicated 
by several factors which must determine the solution of it. 

The age at which it is convenient to cut the wood in order to obtain, 
in the best conditions, a determined result, is what is called the 
exploitabiliU of the wood (that is to say, the most profitable time to 
fell the timber). The possibiliU is the quantity of products which a 
given cultivated forest can produce annually at the age of exploitation. 

In the examination of the special conditions of the forest, as a con- 
sequence of which the " exploitability " will be fixed, one must apply 
himself before everything to determine the age limits, beyond which the 
wood cannot be felled for sale, without the risk of compromising the 
existence of the forest. If it is a question of a forest of high and 
lofty trees, felHng must not take' place before the age when the trees 
produce an abundant seed of good quality, nor after the time when the 
groups begin to die off. If it is a question of a coppice, the main point 
is to obtain from the stocks the most vigorous shoots, and the conditions 
as to age best suiting this exigency will be inquired into. 

These limits are not the same everywhere and for all varieties, so that 
it is almost always necessary to seek to determine them by special experi- 
ments upon the same places. 
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In good ground, coppices of oak, elm, yoke-elm, ash, and maple can 
be exploited for twenty-five and thirty-five years. In ground of inferior 
quality the cultivation of the same varieties may be reduced to twenty 
years. For varieties of less value, such as the birch, lime, alder, and 
service-tree, these extreme limits become twenty and twenty-five years 
in soil of only fair quality. 

The exploitation of timber forests can only be commenced when 
the trees have reached the age of fertility. In general these trees 
attain this period as soon as they no longer grow in height, and pass 
it as soon as they commence to decay, and are covered with moss, 
lichens, and ivy. 

Now, is it desired to obtain in a given time the largest stock of 
wood possible, ignoring all other consideration ? Is the largest possible 
profit wanted in a given time ? The solution will not be the same 
in both cases. But whatever the aspect may be from which the problem 
is viewed, one of the essential data is the exact knowledge of the law 
with regard to the growth of trees. 

If the growth of trees were entirely aoandoned to Nature, it would 
only be a question of observing a large number of forests and of studying 
the law which refers to the annual growth, whether in ligneous matter 
or in mercenary value. But culture, clearing, etc., have singularly 
accelerated this growth. A tree forty years old, growing under the 
influence of favourable circumstances, presents a bulk as large as that 
of a tree eighty years old, which has grown in the narrow confines of an 
uncultivated group. 

Trees in coppices grow according to a progression which approaches 
that of the natural varieties. Progress is more rapid in a good soil well 
planted with shoots, and less so in that of only medium quality. There 
are also variations according as the species of trees are more or less 
suited to the soil. 

The following progression may be given as an average limit : — 



Age in Years. 


Value at each 
Age. 


1 


1 


2 


4 


3 


9 


4 


16 


5 


25 


6 


36 


7 


49 


8 


64 


9 


81 


10 


100 


,11 


121 


12 


144 



Age in Years. 


Value at each 
Age. 


13 


169 


14 


196 


15 


225 


16 


256 


17 


289 


18 


324 


19 


361 


20 


400 


21 


441 


22 


484 


23 


529 


24 


576 



Age in Years. 



Value at each 
Age. 



25 ■ 625 

26 676 

27 729 

28 784 

29 841 

30 90Q 
40 1600 
50 2500 
60 3600 
70 4900 
80 6400 



It is therefore seen that a coppice forty years old has sixteen times 
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more value than one ten years old, and four times more than one twenty 
years old. 

It may now be said, from the point of view of the growth of the 
trees, that — 

(1) When the age of a tree in full growth is increased by a quarter, 
the- volume of its wood is almost doubled ; 

(2) When the age of a tree is doubled, its volume will become eight 
times more considerable ; 

(3) When the age of a tree is doubled, its annual growth will be 
quadrupled ; 

(4) Consequently, when the age of a tree is doubled, the proportion 
in which its annual growth enters into the total volume of the tree is 
diminished by a half. 

But before proceeding to felling, it is necessary to write a pro- 
gramme of exploitation, then to make the estimation of the woods. 

The plan of exploitation is a document upon which is inscribed all the 
information serving to indicate to periods at which fellings may take 
place. 

"The estimation has for its object the fixing of the wooded products 
which the forest may periodically furnish, as well as their money value. 
This estimation is made — 

(1) In order to fix the quantity which it is necessary to cultivate; 

(2) For the sale upon the spot of products fit for cultivation ; 

(3) To determine the value of wooded lands offered for sale. 

The quality of the trees is also an important factor of the estimation. 

Qualities and Defects of Teees. 

It is said that a tree is in full growth when its timber is healthy, its 
bark smooth and of a bright and equal colour, and especially when the 
shoots of the previous year are long and divided uniformly at the extremity 
of the branches. 

Trees whose bark is dull, cracked, or stained are called " defective " 
or " damaged." 

Roulure is a solution of continuity between the ligneous layers which 
are not adherent to one another and which lack homogeneity. This 
malady, often produced by frost, is manifested on the exterior by slits or 
stains in the bark. 

A longitudinal cleft, produced by frost, has been given the name of 
gMivure ; , it is incurable. The elm is very often attacked by this 
malady. 
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If, upon the section of the tree, slits are noticed forming rays 
like a dial-plate, this indicates that the tree is attacked by cadranure. 
This malady becomes manifest on the exterior by stains on the bark, 
which is often covered with lichens and fungi ; it also forms cracks, by 
means of which water penetrates into the bark. 

In the oak, when the trunk is provided with small branches, from 
the bottom to the top, it is said that the wood is red and the quality of 
the tree is bad. 

When an oak has two sapwoods (aubier double) its value is greatly 
diminished. 

The trees of this kind usually grow upon dry and unsheltered soils ; 
they possess one sapwood at the circumference and another in the 
centre of the stem; the intermediate woody layers are very hard, but 
the tree is of less value. 

When the tree is upon the decline, its wood is lighter in the middle 
than at the circumference, it loses its tenacity and becomes less elastic. 
In this case the tree must not be utilised in one single piece, but should be 
sawed into four, so that the angles of squareness may be formed by the 
centre. 

Shipbuilding timber is especially subject to dry-rot. 

As to the quality of the woods relatively to the ground, climate, and 
situation, it may be said that in watery lands we must distinguish those 
which are inundated by running waters from those which are only mois- 
tened by stagnant waters. These latter soils produce trees whose tissue 
is fat, loose, spongy, deficient, and tender. On the other hand, watered 
grounds give birth to trees whose tissue is hard, dense, and elastic. Good 
and well-drained soils produce the best specimens. 

In granitic sand or gravel the trees are of good quality if their roots 
have been able to penetrate deep into the soil. 

The durability of wood varies according to different climates. The 
wood of forests of the South of France is heavier than that of the forests 
of the North. 

When a tree is isolated, it is, as a rule, hardly fit for being split, but 
suitable for marine purposes. 

North-easterly, eastern, and southern exposures are generally the best, 
the worst exposure is that of the north-west. 

CUBATUEE OF TREES. 

The cubature of trees is an operation indispensable to the good 
valuation of a forest. 
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The operations relative to the fellings assist in determining the 
cubature of the trees to be felled. 

This cubature will be very long and delicate if exactitude is 
desired to be attained. The operation would he exceedingly diffi- 
cult in the case of the trees left standing, because their principal 
dimensions, height and size, can only be obtained in quite an indirect 
manner. 

In practice, one has to be satisfied with rather rough approximations ; 
the heights are estimated by means of the dendrometer. 

This instrument depends on the properties of tangents. If we 
consider the angle formed in a vertical plane between the line of sight 
and the horizontal line from the eye, and also the angle between two 
lines going, one from the axis of the perpendicular to the zero of the 
limb, the other to that division of the limb which coincides with 
the fixed index, we see that the two angles are equal, the limits of 
one being respectively perpendicular to those of the other. The limb 
is not graduated equally, for the arcs between every two divisions, 
starting from the zero, correspond to angles of which the trigonometrical 
tangents are t^, tw, tw of the radius, and so on, and these are the 
numbers which are engraved upon the scale. The zero is placed in 
such a way that it comes on the vertical passing through the axis 
of the perpendicular when the guide line is horizontal. The fixed 
index is placed so as to coincide with the zero when the line of sight is 
horizontal. 

Having given a line from the eye to any point, it is easy to imagine 
the vertical through that point and also the horizontal line drawn 
from the eye to meet that vertical. The three lines form a right- 
angled triangle. The operator observes the angle between the line of 
sight and the horizontal ; in other words, the slope of the hypotenuse 
or line of sight. Hence, in a general way, the dendrometer gives in 
hundredths the slope of the line of sight, and hence the height of the 
vertical, i.e. the desired height of the tree, when the instrument is always 
placed at the same distance, say 30 ft., from the tree. 

By the aid of this height and of the circumference or diameter, taken 
about 3 ft. from the soil, the base of an ideal cylinder is obtained which 
is reduced to the real volume by means of a factor of conversion 
obtained by analysis of a tree somewhat similar. For that, the latter 
is divided into stumps of frofn 3 ft. to 6 ft., each of which is cubed separ- 
ately. The whole is added, and the total gives the real volume of the 
trunk very approximately. This volume, divided by the cylindical volume, 
furnishes the factor of reduction — that is to say, the number by which 
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it is necessary to multiply the geometrical volume in order to have the 
real volume of the stem. 

Thus, for the principal varieties, we have the following factors of 
reduction : — 



Height. 


Beech. 


Oak. 


Pitch-Fir. 


Pine. 


Metres. 


Cms. 


Cms. 


Cms. 


Cms. 


10 


61 


62 


52 


68 


25 


57 


60 


50 


65 


40 


64 


57 


48 


53 



A still more simple manner of operating consists in employing the 
cubature process called the quarter without deduction. For that the 
quarter of the average circumference of the tree is taken ; this quartier 
is raised to the square, and the square is then multiplied by the height 
of the tree. The volume thus obtained is equal to 0"78 of the cylindrical 
volume. 

This process is often adopted because, to obtain the cylindrical 
volume, the stem is measured covered with its bark; this portion of 
the stem has no value. A cubature which does not take account of it 
will not, therefore, present grave inconvenience. Indeed, besides the 
bark, properly so called, a part of the wood falls which constitutes 
a loss. Finally, it is admitted that the small error in calculating- by 
cubature of a quarter without reduction can be ignored, and that this 
cubature gives about the volume of utilisable matter. 

Some trees, Hke the oak, contain a notable proportion of sapwood, 
which is a zone of the wood completely lacking the necessary qualities, 
namely, resistance, durability, and solidity. 

As a rule, the estimates determine the volumes of the woods to be 
employed as they should be once in the right placed — that is to say, 
without sapwood ; a log of oak, for example, which is not squared — that is 
to say, which is en grume (having the bark on) — has therefore a very 
different volume from that of the woods which will be extracted from 
it. To appreciate these differences a special method of cubature is 
employed called cubature of fifth or sixth deduction. With this object, 
the fifth or sixth of .the average circumference is cut off, the quarter 
of the remainder is taken, this quarter is raised to the square, which, 
multiplied by the length of the stem, furnishes the volume desired. 

Generally this volume of fifth deduction is about equal to a half of 
the cylindrical volume ; that of sixth deduction slightly exceeds it. 
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All which has just been said applies to the trunk of the tree, but it 
is also necessary to be able to appreciate the produce of the branches. 

The volume of the branches can be. estimated at a glance, or one 
can, as previously, estimate it by analogy with a known yield, given by 
similar trees felled expressly with this object. The following table is 
then obtained : — 



Varieties. 


Proportion between the Volume of Branches and 
that of Trunks. 


With few Branches 

in compact 

Groups. 


Average Quantity 

of Branches in 

an ordinary 

Group. 


Abundance of 
Branches. 


Oak, beech, elm, asli, and maple . 

Pine, pitch, fir, and alder 

Birch, willow, poplar, and larch . 


Per cent. 
25 to 53 

15 „ 25 

10 ,, 15 


Per cent. 
35 to 45 

30 „ 35 

20 „ 30 


Per cent. 
60 to 100 

58 „ 80 

40 ,,. 60 



Estimation of the Plantings. 

When an account of the value of the trees, taken separately, is obtained, 
it is afterwards necessary to be able to estimate the plantings — that is 
to say, the important groups of trees. For this purpose one can estimate 
with the eye either the total volume comprised over the superficial area 
to be valued, the average volume per acre, or the volume of each tree. 

Every tree can also be cubed, either upon one part only or upon the 
whole of the ground. Comparisons may be made by means of experi- 
mental tables. 

To estimate at a glance, extensive experience, long practice, and 
a very correct eye are required. A planting to be judged can only be 
thoroughly estimated by exact calculations of part of the area. This 
method is therefore but little employed. 

On the other hand, if it is desired to estimate with the eye a known 
surface, which will serve as a unit of comparison, it can easily be done, 
and one will be able to rapidly make an inventory of the entire planting. 

But the result obtained will be even more exact if the volume of 
each tree is estimated at a glance. We will not enter into the practical 
details of this estimation ; experience alone can guide one in this respect. 

If it is desired to estimate a forest of lofty trees, the possibility of 
which is fixed by volume, more precise means are employed, or at least 
■individual cuhature of the trees is always proceeded with. 

This method appears longer at first sight, but it is not so, for the 
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dendrometer is not employed to determine the height of the trees ; this 
is obtained merely by comparison, by making two classes from about 50 
to 65 ft., and from 65 to 80 ft. 



PRODUCE OF TIMBER FORESTS IN RELATION TO THE 
AGE OF THE TREES. 



Age in Yearg. 



Cubic Metres of Timber found upon Ground of- 



Good Quality. 



Medium Quality. 



Bad Quality. 



OaTc. 



40 
60 
80 
100 
120 
140 
160 



108 to 144 
212 ,, 280 
304 „ 412 
376 ,, 588 
468 , 748 
480 ,, 908 
480 ,, 962 



68 to 104 
136 ,, 174 
200 „ 280 
280 „ 392 
360 „ 460 
416 ,, 584 
416 ,, 668 



28 to 66 
52 „ 104 
64 „ 180 
94 „ 224 
120 „ 280 
136 „ 348 



Beech. 



40 

60 

80 

100 

120 

140 



132 to 210 
212 ,, 318 
320 „ 494 
387 ,, 653 
547 „ 800 
547 „ 921 



80 to 134 
132 „ 180 
200 „ 347 
280 ,, 402 
347 507 
347 „ 573 



28 to 104 
63 „ 180 
67 „ 290 
94 „ 280 
162 ,, 320 



Pitch. 



20 ... . 


83 to 128 


40 . 


63 ,, 550 


60 . 


380 ,, 773 


80 . 


614 „ 1000 


100 . 


775 „ 1202 


120 . 


921 ,, 1563 



43 to 66 
138 „ 240 
266 „ 393 
370 „ 574 
464 ,, 735 
548 „ 962 



13 to 40 

47 „ 109 

92 „ 198 

120 „ 255 

128 „ 454 



Forest Pine and Larch. 



20 










73 to 132 


40 










172 „ 360 


60 










292 „ 574 


80 










314 „ 775 


100 










467 „ 948 


120 

140 










377 „ 1082 
377 „ 1150 



50 to 86 
122 „ 208 
196 „ 360 
260 ,, 484 
305 ,, 580 
347 „ 593 
347 ,, 601 



20 to 53 

53 „ 106 

80 „ 173 

120 ,, 212 

133 ,, 233 

133 ,, 230 



Fir. 



20 . 


91 to 140 


40 ... 


69 „ 616 


60 ... . 


418 850 


80 . 


675 „ 1100 


100 . 


852 „ 1322 


120 . 


1013 „ 1719 



47 to 


72 


151 „ 


264 


292 ,, 


423 


405 „ 


631 


610 „ 


808 


602 „ 


1058 



14 to 44 

51 ,, 120 

101 ,, 280 

132 „ 365 

140 „ 499 
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As for the circumference or diameter, they are determined by the 
forest compass, or decameter. Once all the trees are cubed, a tree for 
each class is selected to be, as nearly as possible, the best representa- 
tive of its class ; it is felled and its volume is determined as exactly as 
possible. The figures obtained then give the factors necessary to deter- 
mine the total volume sought for. 

As to the mode of estimation by comparison, this is a modification 
of the valuation system by judgment. The difference is that in this 
method the timber is valued according to the results obtained in 
similar plantations. The figures are ascertained once for all, and tabu- 
lated for constant use. (See table on p. 240.) 

PRODUCE OF COPSES CONSIDERING AGE AND PERIOD. 



Period in Years. 


Cubic Metres of Timber found upon Soil of — 


Good Quality. 


Avgrage Quality. 


Bad Quality, 


Oai. 


10 ... . 
20 . . 
30 ... . 
40 ... . 


30 to 64 
80 „ 121 

92 , 174 

93 ,, 186 


26 to 30 
53 ,, 70 
66 ,, 80 
90 ,, 125 


7 to 20 
17 „ 30 
33 ,, 50 
40 66 


TokeSlm. 


10 . . . 

20 ... . 

30 . . . 


27 to 60 
63 „ 90 
98 „ 160 


23 to 33 
53„ 70 
80 „ 100 


17 to 27 
33 „ 53 .,' 

41 ,, 80 


Alder. 


10 ... . 
20 ... . 
30 ... . 
40 ... . 


67 to 84 

99 ,, 172 

192 ,, 282 

264 ,, 387 


40 to 53 

88 „ 112 

129 ,, 209 

160 ,, 224 


7 to 17 
10 „ 66 
16 „ 60 
16 „ 99 




Beech. 


10 ... . 
20 . . . 
30 ... . 
40 ... . 


26 to 53 
56 ,, 113 
92 „ 180 
99 ,, 240 


23 to 30 
50 „ 66 
80 „ 104 
94 „ 134 


7 to 19 
17 ,, 48 
33 „ 60 
40 ,, 80 


Hazel, Willow, and Aspen. 


5 . . . . 
10 ... . 
15 ... . 
20 ... . 


23 to 26 16 to 20 
41 ,, 53 33 „ 36 
46 ,, 71 45 ,, 46 
76 ,, 80 53 ,, 54 


2 to 3 
16 „ 20 
23 ,, 26 
23 ,, 26 



16 
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The extreme figures indicate the more or less compact state of 
the plantation ; the lower ones are applied to the thinned and 
defective groups, whilst the higher figures must be taken when a 
normal planting is to be estimated. 

Similar tables can be set up for the produce of copses; the fore- 
going is given as an example of the principal varieties met with in this 
case. 

The observations made with regard to the first table also apply to 
the later. 

Cuttings and Felling. 

The name cutting is given to that portion of the forest to be felled, 
whether this felling refers to the whole or a part of the trees. 

In order to fix a cutting or to establish its proper situation, the 
extent of the forest to be felled has to be determined upon. 

The cuttings are primary when they are found in groups which can 
be felled ; they are called improvement cuttings when they are hmited to 
partial fellings destined to favour the growth of plantations. 




Fig. 118. 

The cuttings of a forest must conform to certain rules, to which 
the name of rules of position is given, and which are summed up as 
follows : — 

First, the cuttings must succeed each other in the order of cultiva- 
tion, and their form must be regular. 

Secondly, the cuttings must be arranged so that the felled timber 
can be easily transported. 

Thirdly, the cuttings must be fixed in such a manner that, in follow- 
ing them, one always proceeds from the north or east to the south or 
west. 

In the mountains felling must always be commenced on the low 
ground, ending with that which is more elevated. 

The felling must be proceeded with cautiously, so as to avoid damage 
with the falling of the tree. If it is separated at its root, it must be 
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cut as near as possible to the soil, to avoid the hole caused by the falling 
of the tree. 

If the tree is cut close to 
the ground the shock of the fall 
is lessened. 

Very sharp instruments 
must therefore be used, to avoid 
the breaking of the shoot and 
bark. 

If the sprigs are less than 
4 in. in diameter, the bill- 
hook is employed; if above 
those dimensions recourse must 
be had to the axe. 

Until recently only the axe 
and hand saw (called " cross- 
cut saw ") were used to fell 
trees ; to-day, however, a great 
economy of time and hand 
labour is saved by the employ- 
ment of the right-bladed saw- 
mill and by the direct action of 
steam (Fig. 118). 

This sawing appliance is 
very light; it can be easily 
transported to the forest, sus- 
pended from the axle of a 
small vehicle. A strong catch- 
screw, upon a bar with points 
buried into the tree, amply 
suffices to fix it for putting it 
into action. The speed of its 
work is very great, for an oak 
with a diameter of about 3 ft. 
can be felled in a few minutes. 
Including the time taken to 
transport it from one tree to 
another, this sawing machine 
can easily, in a day of ten hours, 
fell forty trees of this dimension. 

To employ this apparatus properly, it is necessary to give to the 
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blade the true tenter teeth, but well separated, so that the sawdust can 
be easily passed through its teeth, and, moreover, it is necessary, as far 
as possible, only to proceed with fellings when the sap is down — that is, 
at the beginning of winter. As lubricant, soapy water is preferable to 
oil, which tends to form, along with the sawdust, a mastic which is 
injurious to the working. 

The right blade can assume all positions; it can also 'be employed 
for the cutting of trees upon the steepest slopes ; besides, the position 
of the tool can be so transformed as to render possible the cutting 
through, and at all lengths, of the trees upon the ground, whether in 
the forest or the woodyard. The sawing appliance then receives the 
name of " slice -cutting saw" (Fig. 119). 

It is also seen that this saw permits of cutting the tree on a level 
with the ground; it therefore saves in a tree of 3 ft. 3 in. diameter at 
least 800 cubic decimetres of the best part of the wood — of that part 
which would be chopped into pieces if the tree were felled with the axe. 

This saw consists, as will be seen upon reference to the illustration, 
of a steam cylinder of small diameter attached to a light frame of forged 
iron, upon which it is arranged so as to pivot upon a centre ; the 
pivoting movement is obtained by means of a hand-wheel, which causes 
a thread-screw to revolve, working into a quarter of the circle at the 
rear of the cylinder. 

The blade is fixed directly at the end of the trunk, which is made 
to go straight by means of guides, and the teeth of this blade are so 
lodged that they only cut during the course of entry. The saw there- 
fore works by traction. This very simple arrangement permits of the 
employment of saws of from about 8 ft. to 9 ft. without tension 
apparatus, because its own cutting is sufficient to guide the saw in 
a straight line through the tree, and, as the teeth do not offer any 
resistance to the outgoing course, all possibility of flexion of the blade is 
avoided. 

Any movable steam-engine can be employed to provide this imple- 
ment with steam. But when the saw-mills are not to be set agoing upon 
the felling ground for cutting up, a small portable copper kettle may 
suffice, which provides the machine, which is at high pressure, with the 
necessary steam, by means of a strong and flexible pipe ; and as this 
latter may be of considerable length, the kettle does not require shifting 
until the saw has cut all the trees in the line determined by the 
length of the steam pipe. 
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TIMBER TRAFFIC — SAW-MILLS. 
Historical. 

The tree, once felled, must be cut up according to the usages for 
which it is intended. For that purpose, appliances more or less bulky 
and very variable, are first employed, and to which the name of " saws " 
has been given. The first employed, and still to-day largely distributed, 
are actuated by water, and bear the name of " saws " or " hydraulic 
saw-mills." 

A thirteenth-century manuscript would appear to carry back the in- 
vention of hydraulic saw-mills beyond that period, and to make it con- 
temporary with the Eoman occupation in G-aul. According to other 
writings, a mill for sawing wood must have been erected in the fourth 
century upon the river Eoeur, in Germany, and there were similar 
machines in 1420, at the time of the discovery of Madeira, for sawing 
the excellent timber of this island ; some must also have existed towards 
this epoch at Breslau and Erfurt. Their usage, however, was not widely 
patronised in England before the year 1555 — ^^the period mentioned by 
the Bishop of Ely, Ambassador of Queen Mary, at Eome, as being the 
first time he had seen one of them in that town. 

This date is somewhat analogous with that when Jacques Besson, of 
Lyons, describes one of them as all the more remarkable because it possessed 
several blades contained in a vertical chase, which caused, under guiding 
grooves, an articulated parallelogrammatic system to move, reminding 
one of that of the ancient arrow drawbridges, excepting that here the 
prolongation of the superior plyer was put into action by a vertical 
crank, with winch fixed at the end of the horizontal beam. This system 
also calls to mind the last purview of the steam-engines of Watt, the 
reproduction of which has been attempted in our time. 

There is reason to believe, however, that the majority of saw-mills of 
this period, and, a fortiori, those of former epochs, resemble to a certain 
degree the more ancient and ruder saw-mills with which we are 
acquainted, notably those seen but recently, and which can still to-day 
be observed in the mountains of the Vosges, the Black Forest, Mount 
Dore, for cutting into joists' and planks large trees of pines or firs by 
means of sawing frames with vertical grooves raised towards the bottom, 
like pestles, by a beam with cogs which directly cause a small hydraulic 
wheel with buckets to actuate, executing even thirty evolutions per minute. 

In these rough machines, entirely constructed of timber whose per- 
pendicular saw falls heavily upon a heap of sawdust, the piece is mounted 
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upon a carriage with supporting rollers and lateral guides. This carriage 
is sometimes inclined to the horizon, rising against the edge of the blades 
so as to afterwards facilitate the return of the empty piece ; but it is more 
generally established on the level, and provided, under at least one of the 
shafts, with long wooden racks, pushed forward or toward the saw, by 
means of small spindle trundles established upon an inferior horizontal 
and transverse beam, carrying besides, on the exterior, the large wheel 
with vertical iron ring, called minutes, because of its 360 teeth. 

This wheel is a true ratchet, furnished with catches against the re- 
coil; a double-splice fork, fixed on the end of a long wooden handle, 
makes it revolve from one, two, or three notches. This fork, inclined to 
the horizon, receives at the other end, by a bolted fork, the alternative 
movement of advance and retreat, by means of a small lever or driver 
with graduated holes, mounted on a beam horizontally oscillating. This 
latter beam, placed sometimes towards the bottom, sometimes towards 
the top, and parallel to the frame of the saw, is itself put into action by 
a long articulated arm with pulley piece with the cross-bar of the top 
or bottom of this frame towards which the carriage and the piece to be cut 
are constantly pushed. The return empty operates by raising the catches 
and acting with foot and hand against the pegs, whose wooden felly of the 
" minute " wheel is armed laterally. 

The ingenious mechanism of the double splice and of its wheel with 
battering-ram, the author of which has remained unknown, has been 
religiously preserved in the different systems of saw-mills and more or 
less analogous machines. It has very probably been the common source 
whence Lagarouste himself obtained his lever with double oscillating 
catch, and, in reality, it constitutes the type of the most ancient automatic 
saw-mills. 

Eamelli, who wrote shortly after Jacques Besson, described with 
great care a wooden saw-mill quite different and approaching those 
universally put into use in the eighteenth century. Bdlidor, towards 
1736, constructed one of them for the arsenal of La Ffere. 

The system of the double splice and carriage is at once observed in 
this implement, here horizontal, and carried over a row of parallel 
cylindrical rollers, where the counter-slope is replaced by recoil suspension 
weights, which relieves the double splice during the advance of the 
waggon. It is besides there seen that the frame, instead of being 
raised vertically by lifts with successive jerks, receives the continuous 
coming and going of a short inferior crank, mounted upon the iron 
winch of the beam, bent horizontal by a hydraulic wheel, with great 
speed and direct action. 
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One circumstance which it is especially necessary to observe is that 
the ratchet system, with double splice driver, of the saw-mills described in 
the Diverse ed artificiose machine del capitano Augustino Bamelli, conforming 
in every respect with that already given, is arranged so as to push in 
front the carriage and piece of timber during the raising of the frame, 
precisely as shown by Belidor, but not during the descent, as is done 
at the present time. 

The vertical frame of this saw is furnished, between its extreme 
horizontal traverses, with a movable cross-bar upon grooves, and carrying 
the superior hook of the blade of the saw, banded by means of two 
strong vertical screws, descending from the higher headpiece and provided 
with locking nuts. 

The Eaisons des forces mouvantes of Salomon de Cans (1615—1634) 
comes in the order 'of dates after the treatise of Eamelli. In this 
book the illustrious inventor describes a sawing machine with three 
blades commonly employed in Switzerland for cutting firs into planks. 

The machine is furnished, like the preceding, with a " minute " 
wheel to make the piece advance. Following the indications of the 
author, the carriage must be accompanied with recoiling counterpoise, with 
cables and returnable pulleys to facilitate the return empty of this piece, 
whilst the frame itself was led by a long crank or wooden vertical 
length and a strong iron winch. 

This system, which usually accompanies a strong wooden fly-wheel 
in the ancient German saw-mills, greatly resembles that which has been 
followed later by B(51idor. 

In this antique kind of sawing machine, as in that of the Dutch wind- 
mills, which comprises three vertical frames suspended to lengths or 
reversed cranks, which actuates an iron shaft with triple winches, the 
service of the pieces at the entry or going out of the works is 
operated by means of thick cord passing over the returning pulleys, and 
ending on the one hand at the small waggon or sleigh which carries 
these pieces, and on the other at a rolling windlass, which actuates the 
impellant wheel described in B^lidor's system. 

In 1815, upon the return of general peace, our {i.e. the French) 
large artillery and marine arsenals were on the point of becoming as 
advanced as those of England, with respect to the mechanic work of 
timber, and especially sawing. 

It was only towards 1821 that sawing machines were established at 
Stenay, near Verdun, with alternative movement, for the cutting of large 
wheel fellies by means of a single blade, mounted over the vertical frame 
of an ordinary sawing machine. 
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The vertical beam of the carriage was placed outside the grooved 
posts of the large sawing frame, whilst the platform itself, provided with 
a paii: of bellows to drive the sawdust away, was joined, by a cord roll- 
ing up on the exterior, to the mechanism of a very rough equipage with 
wheels, trundle, and double splice. 

It was also at about the same time that a very large windmill was 
erected in the Eochefort maritime arsenal, with exterior gallery, in 
accordance with the Dutch system, destined to make a saw-mill with 
several blades go either isolated or simultaneously. 

Towards 1820 Hacks introduced into France the employment of 
the large circular saws of Brunei, with some improvements, consisting in 
their being lighter, having greater speed, less thickness, and cutting, as 
a consequence, a larger number of united veneering leaves in a given 
thickness. 

The same builder gave, at the same period, to commerce sawing 
machines with alternate movements, a certain number of which were 
intended for sawing the trees horizontally on the spot, or to truncate 
them after felling. 

It is, however, since the time (1825) when M. Cochot established 
and propagated in Prance his ingenious and light system of sawing 
machines with horizontal alternate movement that our cabinetmakers 
managed to free themselves completely of the onerous tax which they 
had until then paid the foreigner, and to which, thanks to repeated and 
appreciable reductions in the motive power necessary and the loss of 
timber, they competed all the more formidably because this reduction 
was accompanied by a remarkable perfection of finish. 

It is also dating from this period that Parisian cabinetmaking in 
valuable, indigenous or exotic wood excelled that of all other European 
countries, not only for taste, but also for its relative cheapness. 

In 1826 the Society of Encouragement for National Industry opened 
a competition for the perfection of wood-sawing machines ; the pro- 
gramme of this competition insisted particularly upon the necessity of 
articulating the frame of large sawing machines with alternative action 
with their impellent equipage, in such a manner as to imitate the work 
of the sawers and to suppress in some manner all friction, by thus 
procuring for the tool the balancing observed in the arm sawing, in 
itself so advantageous, in facilitating the disgorgement of the sawdust. 

This competition did not produce any appreciable results. Towards 
1830 M. de Manneville placed himself in the first rank for the con- 
struction of alternative vertical sawing machines, as also for those for 
truncating and with circular blades. 
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These large vertical alternative sawing machines, constructed entirely 
of timber, offered an intelligent combination of the old system of Dutch 
sawing appliances with winches, long superior or descending cranks, 
double splice and ratchet wheels, with some of the elements borrowed 
from other utensils, such as extreme horizontal clutches for fixiag and 
suspending the strong uncleft pieces, vertical pegs and eye-flaps with 
grooves slightly sloping so as to assure a slightly oblique direction of 
the frame of the saws. 

In addition, this builder made himself eminent by a then new com- 
bination, since imitated, by means of which he succeeded in cutting up, 
in the natural direction of the fibres, the bent timber previously dressed 
and squared upon its exterior surface. For this the piece was freely 
placed upon a row of horizontal supporting rollers, without either seat 
or back, and compelled it to go towards the equipage of the saw-blades, 
conveniently reduced in size, by means of two vertical cylinders turning 
upon themselves, arranged in front and as near these blades as possible. 

One of these cylinders, in channelled brass, served to laterally carry 
away the piece by its rotation ; the other, which was larger and of wood, 
served to press the opposite vertical surface of the piece by a system 
of counterpoise, suspended by returnable pulley chains. This ingenious 
combination suppressed the ordinary waggon of sawing machines, and 
left at the two ends of the plank every freedom of gliding transversely 
over the roller supports, and permitted of the sawing equipage following 
the natural direction of the fibres or lateral and vertical surface of 
the wood. 

This historical sketch being concluded, a description of the different 
kinds of sawing appliances actually employed will be given. 

Sawing Machines foe Eough Timber. 

The trees having been felled, either by the axe or by the aid of the 
right-bladed saw and by the direct action of steam, cross sawing, which 
is most frequently done on the spot, is afterwards proceeded with. 

Fig. 120 gives a modification of sawing machine with direct action 
represented at Figs. 118 and 119. Instead of being with direct action, 
it works with leather strap. One or the other system is employed, 
according to circumstances. The different machines about to be 
described are utilised to square, conveniently and rapidly, large uncleft 
wood for ase in carpentry, marine, and conimerce. 

All industries using timber utilise these sawing machines, which 
give the first form to the felled trees. Cultivators of forests, builders 
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of waggons or ships, carpenters, etc., can thus, thanks to these machines, 
substitute for the handwork of the long sawer the rapid and precise 
work of the vertical sawing machines. 




Fig. 120. 

The alternative vertical sawing machines with several blades for 
straight sawing (Figs. 121, 122, 123, 124) receive as many blades as 
desired. These- blades together work the piece of timber placed on the 
waggon. Two blades permit of squaring ; one alone in the centre splits 
the large trunks in two, the quality in the middle of which it is neces- 
sary to know, and two, three, five, ten, and even fifteen blades may divide 
the tree at one single time, and in a straight line in as many kerfs as 
there are blades placed. 

But generally in practice one proceeds differently in dividing the 
work. 

It suffices to place six or eight blades in the frame in order to 
obtain large wooden planks, which are afterwards squared by ch'cular 
sawing, then engaged in a cylindrical sawing machine to be divided by a 
single cut in as many planks as desired. The costly employment of 
a large number of blades is thus avoided ; it is difficult to place them 
regularly, and they take a long time to sharpen. Moreover, there 
is a saving in motive power. 

The dividing apparatus seen at Fig. 125 can be applied to the model 
of saw shown in Fig. 121. In this case the tree can be split into two 
parts or divided into leaves or panels. 

Fig. 124 represents a double sawing machine, by means of which 
one can, by the aid of two frames of different dimensions, either cut up 
at the same time uncleft timber of about 28 in. and another of 20 in., 
or cut into planks the squared wood of the large frame. The purchasing 
of a cylindrical sawing machine is thus avoided. 

If it is desired to saw the uncleft wood according to any curvature, 
or the natural bending of the tree, or a line traced upon the piece, the 
many-bladed vertical saw is obtained (Fig. 126). This sawing machine 
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is furnished with special appliances and arrangements, by means of which 
the workman, placed near the blades, can easily direct the timber follow- 
ing the line given. 

Fig. 125 represents a vertical sawing machine with a blade upon the 
side with the dividing apparatus. This machine only makes one single 
kerf at .a time, but this is of great precision, and allows of the varying of 
the thickness of the leaf, panel, or wooden scale after each kerf. The 




Fig. 122. 



very stiff blade can relatively be thin, and takes little wood for the 
thickness of the kerf. 

The blade is divided throughout its length into several equal parts, 
each comprising four teeth with double inclination — that is to say, each 
part has its teeth inclined contrary from the preceding and follow- 
ing part. The saw thus arranged offers the great advantage of continuous 
action like the circular saws without the inconveniences of the latter— 
in other words, the blade works as well whilst ascending as descending, 
thus enabling double production. 
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The contrivance carrying the timber does not advance alternately 
by means of a ratch; this advance is brought about in a continuous 




manner by the effect of cone-like pulleys with double friction 
engagement. 

It is generally as well to prefer, as often as can be, the installation 
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with a moderately deep pit (Fig. 125) not exceeding 5 J ft. The main- 
tenance is easier, the work is better, and the sawing more regular. The 
saw can attain very great speed, and even make two hundred and fifty 
strokes a minute. 




The sawing machine with an endless band saw is perfect for all 
works of cutting in profile and for cutting curves ; it can also be 
applied for the straight sawing of rough timber (Figs. 127 and 128). 
17 



258 



TIMBER 



Thanks to the dividing or double arrangement, it can serve the same 
purposes as the alternative vertical sawing machine. 




This latter, however, is superior to the first both for sawing and 
simplicity of maintenance. 
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Although the blade may be on the side (Fig. 125) the timber can 
be worked even to a 
thickness of 10 in., and 
the management of tim- 
ber with the bark left 
on is very simple. It is 
commenced by clamp- 
ing the timber upon the 
carriage for the first cut, 
it is then successively 
quartered and complete 
squaring is arrived at ; 
or, placing the first surface 
dressed on the side of 
the carriage, the division 
of the piece of timber 
into planks, leaves, or 
panels is very easily ob- 
tained and with great 
precision. 

The alternative ver- 
tical sawing machine 
therefore appears to us 
easier than that with a 
band saw, applied to 
straight sawing of rough 
timber. 

An ordinary workman 
can do excellent work 
with the former, but to 
use the latter to the 
best advantage, he must 
be a clever and expert 
worker. This is owing 
to the excessive care 
needed in the sharpening 
of the band saw, which is 
about 26 to 33 ft. long. 
This being so, it can- 
not be bent much for fear of heating the bearings ; it there- 
fore results that if the track of the saw is not very regular, and 
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if the timber is rather difficult, the band does not saw in a straight 
line through the timber and the guides are helpless to keep it in 




register. This incon^'euience does not exist in the case of small 
timber guided by hand. 
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However, there are cases where, for cutting up rough timber, 
sawing machines with circular blades, provided with carriages supporting 
the timber, are preferable. 

These appliances can be mounted upon iron or wooden foundations 
(Figs. 129, 130, 131, 132). 

All these machines are stable and easily transported, and can be 
conveniently set up in forests. 

The width of the cut of the saw produced by the circular blades 
of large diameter limits the employment of these blades to the division 
of round timber into two or three parts. Each of these parts is after- 
wards subdivided, by means of blades of smaller diameter and less 
thickness, into planks, battens, laths, etc. 

In temporary exploitations use is often made of vertical saws 
mounted on wheels to facilitate transport (Fig. 133), but the shaking up 
produced by the alternative movement of the parts necessitate the 
provision of a solid foundation, and this deprives these implements of 
most of their advantages. 

It appears to be more certain to employ types of half-fixed sawing 
machines, requiring neither a deep pit nor a foundation, and which can 
easily be installed upon the ground, but which are transported by means 
of independent waggons. 

Such are the sawing machines represented at Figs. 121, 122, and 
123, for the groundwork of which a frame or wooden construction, 
solidly bolted, is sufficient, which can be taken to pieces and transported 
like the different pieces composing the saw. 

The circular saw-mill lends itself very well to the exigencies of 
instantaneous transport. 

The motive power necessary for working these different saw-mills 
generally varies from 4 to 6 horse-power for ordinary timber. 

Sawing Machines for Squared Timber. 

When the round tree- has undergone different operations of squaring, 
it should afterwards be subdivided or rapidly cut into two parts. 

For this new work alternate vertical sawing machines with one 
or several blades are employed, which give one or several cuts to 
the squared wood of slight dimensions or the planks which come from 
sawing machines uncleft, beams of fir, and the timber of commerce 
(Figs. 134, 135, and 136). 

In these saw-mills the wood is guided and led forward in a con- 
tinuous manner by vertical rollers ; they succeed each other without 
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interruption, one pushing the other, and the very lengthy pieces are 
carried away the same as the smaller pieces. 

When the piece of timber is too large, the rollers are not sufficient 
to run it; in this case recourse must be had to the addition of an 
automatic appliance. 




L CourLieT 



Fig. 135. 



A special arrangement permits of cutting two joists at once by 
employing as many as twenty blades at the same time, ten on each side. 
The number of blades corresponding to that of cuts desired to be 
obtained, one can arrive at six, eight, or ten cuts in a joist. This 
model, provided with cylinders and spring-backed carriage, is employed 
especially for cutting the timber of the North. The frame, carrying 
sixteen or evefi twenty blades, is of absolute rigidity. 
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These different models of saw-mills can be installed over a pit, or 
if the water and nature of the ground do not permit of this, without a 
deep pit, but with side frames. 





The number of strokes of the saw per minute may be about 150 ; 
3 to 4 horse-power will suffice in normal conditions. 

A machine is finally used to cut the squared wood in two ; it is 
very precise in its action, and by its aid valuable timber can be sub- 
divided into panels of any width. 
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Cabinetmaking, in which absolute perfection in sawing is indispens- 
able, employs horizontal sawing machines mounted in frames. In these 
machines the timber is fastened, or better clamped, on a carriage which 
runs vertically, while the saw cuts horizontally (Fig. 137). 

This carriage can, more or less, approach the blade to regulate at 
will the different thicknesses of veneering or panels to be obtained. 
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The size of the blocks of valuable timber is usually equal to 27 
in. ; two small pieces can be fastened to the side of each other. 

The necessary strength is about 3 horse-power, and the number of 
saw strokes reaches 250 per minute. 

As for the blades, they must be very thin and stiff; the teeth should 
be fine and pointed, and the cut should be fine. 

This sawing machine may be used for cutting up blocks of ivory 
or hardened caoutchouc. 

The other systems of circular saws or with endless saw bands are 
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especially employed for different joinery and cabinetmaking work, details 
of which will not here be given ; as, however, circular saws sometimes 
serve to cut up timber, two examples of these appliances will be given 
(Figs. 138, 139, and 140). 

Eecapitulation op the Different Saw-Mills which have been Described. 

Fig. 118. Saw-mill for felling trees by direct action of steam. 

,, 119. Truncated saw-mill with alternate right horizontal blade, by direct 
action of steam. 

„ 120. Truncated alternate horizontal saw-mill, working by means of straps. 

„ 121. Alternate vertical saw-mill for straight sawing, with several straight 
blades, with carriage supporting and carrying the timber. 

,, 122. Many-bladed vertical saw-mill, for timber of 19 or 27 in., in- 
creased by an appliance permitting of the cutting the wooden 
scales or joists and dividing them into planks. 

„ 123. Alternate vertical saw-mill for straight sawing, with several straight 
blades, cutting round timber up to 19 in. by means of 
carriage supporting and carrying the timber. [The saw-mill is 
represented with an appliance permitting of cutting the wooden 
scales or joists and dividing them into planks.J 

„ 124. Alternate vertical saw-mill with several straight blades enabling the 
cutting of two unbarked trunks at a time. 

,, 125. Vertical saw-mill with one blade on the side, with special dentation, 
permitting of the sawing in the ascending or descending course of 
the saw ; with dividing carriage, with continuous advancement, 
for leaves, panels, etc. 

,, 1216. Alternate vertical saw-mill, for straight or bent cutting, with several 
blades, having special carriages supporting and carrying the 
timber. 

,, 127. Saw-mill with endless blade, with double carriage, the blade- passing 
in the middle of the carriage. 

„ 128. Saw-mill with unending blade, with double carriage and automatic 
" manager," the blade passing through the middle of the carriage. 

„ 129. Circular-bladed saw-mill, with rack carriage. 

„ 130. Circular-bladed saw- mill, with rack carriage, built of wood, and blade 
of about 4 ft. in diameter. 

„ 131. Circular-bladed transportable saw-mill up to about 4 ft. in diameter, 
with managing apparatus and grooved cylinders. 

„ 132. Cu'cular-bladed transportable saw-mill, in employment. 

„ 133. Alternate vertical saw -mill, mounted on wheels, called locomobile, 
with several blades, cutting timber of 27 in. diameter. 

„ 133a. Alternate vertical saw -mill, having one blade on the side, with 
separate waggon for transport. 

„ 134. Alternate vertical saw -mill, with several straight blades for cutting 
into two, with cylinders guiding and leading the timber in a 
continuous manner. This saw-mill, by means of carriages support- 
ing and leading the timber, equally permits of the cutting up 
of rough timber with a diameter of even 19 in. 
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Fig. 135. Mauy-bladed alternate vertical saw-mill, with carriage cutting two 
joists at one time. 

„ 136. Alternate vertical saw-mUl, with several straight blades; crank 
system and deep pit. 

„ 137. Alternate horizontal saw-mill, for veneers, with upright carriage, for 
timber with a breadth of 27 in. 

„ 138. Circular balancing saw-m'ill for truncating timber of large dimen- 
sions. 

„ 139. Circular balancing saw-mill for truncating timber of large dimen- 
sions, with underneath movement. 

„ 140. Many-bladed vertical saw-mill, provided with a system of dividing 
carriage, permitting at will the splitting in two of a tree of 
27 in., and dividing it with precision into leaves, panels, and 
veneers. 1 

All the blades for alternative saw-mills must be in cast-steel, of very 
good quality, and flattened cold. They should be dentated conveniently, 
according to the timber for which they will be used, and tempered with 
sufficient annealing to permit of filing them. 

The circular blades should be tempered rather hard, so that the 
edge of the teeth does not rapidly get blunt ; it is also necessary that 
the filing should bite them so as to sharpen them and that the wrench 
should incline them to right or left to constitute what is called the 
track of the saw. 

The dentation to be employed varies according to the nature of the 
timber, according as it is hard or tender, dry or green, shaggy or fibrous. 

Generally the circular saws for timber have recumbent teeth when 
they are about 12 in. and less in diameter, and hooked when the 
diameter exceeds 15 in. 

It is as well that all the teeth of a saw should work — that is to say, 
that they may all be situated upon the same circumference if they 
belong to circular saws, or that they may all be upon the same straight 
line if they belong to alternative or band saws. 

To attain this result the circular saw should be made to turn against 
a sandstone ; all the teeth which are too long are then ground until the 
shortest are reached. The teeth are sharpened with the file or millstone, 
the track is then given them in a regular manner by means of the 
wrench, care being had to leave some teeth untouched. 

As a rule, the track is finer as the timber is harder. 

Such are the principal rules which must be followed for the good 
maintenance of the blades. Upon the care exercised depends economy 
in the employment of motive power, the rapidity and perfection of the 
work, and the preservation and durability of the material. 

' The machines just described are constructed by Messrs. Arbey. 
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TIMBER-CUTTING. 

Certain tools must have been employed before the saw to test the 
quality of the wood. The key-hole saw is used to dissect pieces of 
timber so as to study them and determine if they contain flaws. 

The adze is afterwards employed to shave the extremities of the 
pieces and to permit the study of the defects which the timber may 
present. This instrument is also employed to pare the surfaces. 

The axe serves not only to fell trees, but also to lay bare the knots, 
and other faults. The knots are cleared by means of the gouge. 

Augers are used to determine the nature and extent of the imper- 
fections of the tree. 

Once cut, the timber must be worked and assorted, according to the 
use to which it is to be placed. 

Wood destined for heating purposes can be cut into cords of wood or 
into fagots. 

The stems and branches are cut into quartered logs or billets, which 
are intended for firewood, and the smaller ones for fagots are cut into 
sticks. 

The quartered logs or billets are then divided into sections, 1 ft. 3 in. 
long. For that the axe or saw is employed. This latter is preferable, 
inasmuch as it permits of the utilising of the entire trunk, which 
would not happen with the axe, which produces shavings. The logs not 
being of the same size, those whose diameter at the small end varies from 
about 1 1 to 2 in. are called billets ; the others, which are thicker, are 
resplit, then forming quartered timber. 

Once cut, the timber is stacked upon as dry and united a soil as 
possible ; it is then bound in cords, which contain an exact number 
of times the unity of measure, which is the stere. The cords are solely 
composed of quartered timber or wooden billets. Sometimes, though 
rarely, mixtures are made. 

The bundles of wood composed of branches and twigs make up the 
fagots. As for the brushwood, these are fagots composed of twigs. 
The making of fagots is effected by means of sawing-trestles. As for 
the withes, they are made with all varieties lending themselves to 
torsion, like the yoke-elm, oak, hazel, birch, beech, dog-berry, and osier 
trees. 

That timber which is not destined for firewood assumes the name hois 
d'ceuvre. After felling, the woodcutter, by the aid of the axe or saw, 
removes portions from the trunk and top, which can only be utilised as 
18 
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firewood. What remains is left uncleft, to be worked later in a single 
block or cut into logs of different dimensions. 

Generally, building timber is preserved in its whole length. The 
oak, chestnut, and fir are especially employed for naval purposes ; though 
for civil buildings the pitch, larch, elm, sorbs, poplars, etc., are utilised. 
The resinous varieties are always barked, for by so doing the ravages of 
insects are avoided. 

Timber is also divided into cord wood and floated wood. The first 
has been transported in boat or carriage, and has not undergone pro- 
longed contact with water. The second, on the other hand, is thus 
called because it is conveyed to its destination by means of floating on 
the water. For this purpose it is joined by the aid of ropes, in the 
form of rafts more or less lengthy, which are divided into building- 
wood and firewood rafts. As a rule, that wood which has not been 
floated is preferred for firewood, as it would not be so damp ; but for 
building purposes it is the reverse, for as a matter of fact its stay in the 
water greatly contributes towards its preservation. 

Timber destined for marine usages takes different names according 
to its dimensions and forms. As for oak timber-work, large timber is 
taken, that whose medium circumference exceeds 4 ft. 4 in. ; the others 
are designated under the name of small timber-work. 

Localities, diameters, and lengths cause the names which are given 
to the different pieces of fir-wood to vary. They are given in the 
following table : — 





Diameter. 


Length. 


At Trunk End. 


In Middle. 


Rafter 

Single purlin .... 
Double purlin .... 

Beam 

Holland 


0ms. 
16 to 22 
22 ,, 32 
32 ,, 36 
38 „ 42 
42 and above 


0ms. 
14 
18 
23 


Metres. 

9 
12 to 14 

15 



Moreover, the wood is classified as cleft timber and sawn 
timber. The sawn product consists of planks of different dimen- 
sions. The cleft timber comprises staves, staff-wood, vine-props, hoops, 
laths, etc. 

The sawing is generally done with the following varieties : oak, 
fir, pitch, Sylvester pine, beech, and poplar. Sawings of oak and beech are 
done in the forests with long saws. The piece which should be trans- 
formed into planks is at first squared ; the kerfs are then traced upon it, 
which will be followed by the saw. To take care of the quality and 



EXPLOITATION OF FORESTS 



2;s 



beauty of the grain, it should always be sawn sur viaille — that is 
to say, following the direction of the medullary rays. In taking this 
precaution, planks are also obtained which do not crack or warp so 
much. 

As a rule, the dimension given to oak sawings varies according to 
the country and trees to be sawn. The merchantable plank, in which 
a part of the sapwood subsists, is most often 0-28 m. wide, by 3 to 4 
mms. in thickness and 4 m. long. 

In Paris the commercial dimensions are of two types, the scantling 
and the interjoist ; these dimensions are summarised in the following 
table : — 





Length. 


Thickness, 




Cms. 


Cms. 


Large batten 


333 


11 


Small batten . 


. 250 


8 


Doublet 


333 


6 


Scantling 


. 250 


4 


Ship-timbers . 


. 265 


8 


Interjoist 


250 


3 


Eafter . 


80 


8 


Frieze . 


. 13 to 18 


3 


Panel . 


. 220 


20 to 22 


Batten . 




13 „ 15 



With regard to the beech, it is cut into planks and beams intended 
for the making of furniture. The following dimensions are generally 
used : — 





Length. 


Thickness. 




Cms. 


Cms. 


Interjoist or leaf . 


. 216 to 243 


31 to 33 


Ship-timbers 


. 165 „ 200 


80 „ 110 


Doublet or trap . 


330 


75* „ 81 


Quartlet 


236 


56 


Small sawings 


. 11 to 25 


15 



The planks of beech, like those of oak, are sold per current metre 
(about 3 ft. 3 in.). 

The sawings of fir are usually 3'60 m. to 4 m. long, by 0'244 m. 
wide, with a thickness equal to 0'027 m. These planks are classified 
as follows : — • 

Dose or dousseau, first plank detached from trunk. 

Eebut, opened or slit plank. 

OrdiTMry plank, 4 m. long by 0'244 m. thick. 

Reduced plank, same length by 0'216 m. wide. 

Broad plank, 0'324 m. broad. 

Usually the deft, wood is worked in forests, and is thus more easily 
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cut up. It is in the majority of eases the oak, beech, and fir which are 
employed for this purpose, when their fibres are straight and their 
texture homogeneous. Cleft wood is especially employed in cooperage 
work under the name staff-wood. It is converted into staves, which 
take the names of intrados, lathing, cross-teams, etc. The cooperage 
industry never employ wood still having sapwood ; for this purpose the 
English oak and yellow cljestnut-tree are preferred. 

The length and thickness of the staff-wood are always fixed before- 
hand ; the breadth varies. 

Staff-wood can also be made of soft wood, but only when it is 
desired to make packing casks for dry merchandise. 

After the staff- wood the vine-props are classed ; the following 
varieties are employed for their manufacture : oak, acacia, chestnut, 
forest pine, willow, black poplar, fir, maritime pine, and aspen poplar. 

The hoops for the tubs are made with elastic, resistant, and strong 
wood. For this purpose, young perches of chestnut, hazel, oak, nettle, 
yoke-elm, lime, cherry, or birch trees are split into two or four parts. 

The other cleft wood, employed especially for cartwrights' work is 
the following: — ■ 

Hawthorn — Gears, cogs, and tool-handles. 

White Service-tree — Same purposes. 

Birch — Carriage-steps and poles. 

Yoke-elm — Gears, cogs, tool-handles, levers, fiails, and plough-handles. 

Chestnut — Tool-handles. 

Oak — Plough-beams, bodies of machines and carriages. 

Maples — Handles of tools and whips, and bands. 

Ash — Bodies of ploughs, poles, and shafts. 

Beech- — rmplements of transport, axle-trees, wheel-fellies, bushel- 
making. 

Nettle — -Whip-handles, forks. 

Mm — Wheels, naves, bodies of ploughs, and harrows. 

Apple and Pear trees — Cog-wheels. 

Rohinia — Tool-handles. 

Willow and Alder — Fork -handles, forks. 

Fir and Pine — Tool-handles, machine pieces. 

Linden — Chests, panels. 

Pkeservation of Trees after Felling. 

When trees are not worked immediately after being felled, certain 
precautions must be taken in order to preserve them. 
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As a rule, the woods should be cleared before the August shoots, 
if it is possible ; a place would then be provided in the forest or 
upon its borders which will serve as depot for the planks, bark, vine- 
props, etc. 

As for the trees, long experience proves that bark is prejudicial to 
trees which are clothed with it when they are exposed to dampness. 
The sap ferments under this bark, and a multitude of larvae of insects are 
soon seen to appear, which devour the sapwood. Trees cut in winter are 
less exposed to this fermentation than those felled in the spring or summer. 

The following precautions must then be taken :■ — • 

(1) To place the felled tree in the shade. 

(2) To bark it shortly after felling. 

There is, however, an exception in the case of timber destined to be 
split into staves or cut into sabots, which must not be barked. 

When carpenters' wood is squared immediately after felling, it is 
quickly dried, and it will not be long before a number of cracks and 
slits are seen in the wood. It is, however, observed that they are soon 
filled if the wood is plunged in water, and even if it is merely exposed 
to damp. To avoid this inconvenience, the tree is then left for some 
time in its bark before squaring it. 

The best means of preventing squared, sawn, or cleft timbers from 
warping consists in piling them upon one another, care being taken to 
separate all the pieces by small wooden wedges, so that the air can 
circle round all sides. 

As has been already mentioned, it is profitable to shape the timber 
before transporting it. 

Tkanspoktation of Timbek. 

In mountainous countries, slides are used to bring the timber down, 
and if the distance is too great the timber is conveyed on sledges. 

Trees felled in flat countries are brought on two pairs of wheels, 
to the axle of which they are attached by chains. 

The timber, brought near to a river, is transported more advan- 
tageously by water, and preferably upon boats, excepting special cases 
where it is floated. 

Floating in Sweden. 

According to M. Paquet, important companies for the floating of 
timber have been formed in Sweden as a special means of transport 
of the wood exported by this country. These companies undertake, 
either with their own staff or by the employment of brigades of 
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jobbers, the floating, piling up, and distribution of the timber. This 
work ended, the companies make out, for each property, an account of 
the expenses they have incurred. 

A certain number of these companies carry out the work of 
damming-up, conservation, and cleansing of rivers, etc. These works are 
often considerable, for the course of the rivers and streams of Swedish 
Nordland is most irregular. Large masses of rocks often stop the bed 
of the water-courses, forming barriers and rendering the work of 
maintenance very difficult. 

Froin steep slopes the timber is brought down by means of rollers. 
On those which are not so steep, a fore-carriage of the sledge, drawn by 
horses, is employed. The timber is fixed at- the large end upon the 
sledge, whilst the other, gliding over the snow, is kept in the correct 
track by a workman. As soon as the ground is not so steep, several 
large pieces of them are joined with chains upon two sledges, forming 
fore- and after-carriage, the distance of which is regulated according to 
the length of the timber. Two tools are employed to heave up and turn 
the logs round ; one is a strong boat-hook (wendehaken) and the other 
a lever (hedebaum). 

The timber is afterwards -piled up on river-banks, each piece being 
marked with the proprietor's number. 

Floating begins in the spring — towards the 1st of June. At this 
time a general thaw sets in, and the floods sweep down the streams 
and are taken advantage of. Indeed, the more rapid the current 
the less chance is there of the timber being lost en route. If, on the 
other hand, the current is slow the lumber is apt to run ashore and 
become fixed into river-banks. 

In spite of all the precautions which accompany these manoeuvres, 
it often happens that pieces of timber get stopped and jammed even in 
the middle of rivers. The timber is then heaped up, accumulating and 
finishing by forming veritable barriers, which are afterwards very difficult 
to demolish. 

Another cause of loss arising from the breaking of timber is brought 
about by cataracts. In Norway one is sometimes obliged to have 
resource to dynamite to dislocate the masses of timber formed at the foot 
of cataracts. 

For these different works it is evident that one is obliged to employ 
skilful and powerful workmen. 

The salaries are as follows : — 

Sea raftsmen (sjofloUare), who conduct rafts of timber, are paid for 
their labour 2d. to 2^d. per hour. 



EXPLOITATION OF FORESTS 



279 



Eiver and stream raftsmen (stromjlottare) receive 2jd. to 3d. 

Foremen {vormann) get 3d. to 4d. 

Upon lakes the transportation of floated timber is carried out in two 
different ways. Upon the small ones, whose length does not exceed 
10 kilometres, a large circular enclosure is formed with a ring of a 
hundred trees joined end to end. One side is open, and at this end 
about 20,000 trunks of trees are floated in. The ring of trees is then 
closed, and the wood cannot come out. To put the whole in motion, an 
anchor worked from a capstan is employed. This anchor is cast about 
950 ft. in front of the raft, and the capstan is manned. The anchor, 
when reached, is taken up and cast farther on, and so on to the end of 
the lake. This method is called in Swedish spelfiottning , or the floating 
game. 

In floating the timber on larger lakes it is necessary to employ 
steam tugs. 

Transplantation of Trkes. 
Some details may now be given upon an interesting point of the 
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Fig. 141. — Tree Transplanting (side view). 

transportation of trees ; we will speak of the displacement of entire 
trees for the purposes of transplantation. 
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In this case special carriages are employed, notably at Paris, which 
can be classed in three categories^ 




Fig. 142.— Plan of Small Carriage. 

(1) The small carriage (Figs. 141, 142, 143, 144), which. represent 
a side view, a plan and two elevations of the fore-carriage and after- 
carriage of the waggon. 




Courtier' 




Fig. 143. — Elevation of Fore-Carriage. 



Fig. 144. — Elevation of After-CarriaKe. 



(2) The two-horse carriage, of which Figs. 145, 146, 147, and 148 
represent a side view, a plan and two elevations of the fore-carriage 
and after-carriage of the waggon. 

(3) The large carriage built of iron and steel. 

Figs. 149 and 150 are a side view and a plan of this apparatus. 
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When these carriages are employed for the transportation of trees, 
care must be taken, as far as possible, to preserve the roots, especially 
those presenting the most fibrous parts. The clods of earth which 
accompany the tree must therefore have as much room as possible. 

Tor caducous-leafed trees, the dimension of the clot of earth varies 
from about 30 in. to 8 ft., according to diameter and age of the trees. 




Fig. 146. — Plan of Two-Horse Carriage. 

With regard to trees with persistent leaves, whose roots are re-formed less 
easily, very large clods of at least 6^ ft. in diameter are always necessary, 
in order to favour the renewal of them, however healthy the trees may 
be at the time of removal. 

To transplant the trees by means of these carriages, an annular 
excavation is at first made around the trunk and at a certain distance 
from its root, in order to form the clod. In proportion as the digging 
gets deeper, the clod is enclosed, according to the more or less compact 
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Fig. 147. — Elevation of After-Carriage. 




Fig. 148. — Elevation of Fore-CaiTiage. 
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Fig. 149. — View of Profile of Large Carriage. 
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nature of the soil of which it is formed, either with entwined branches 
or with a wooden hooped tubbing with iron bands, tightened by means of 
a screw. 

The tree is then supported by the aid of shrouds, and the clod of 
earth to which it adheres at the root is detached, by passing wash- 
boards underneath, when it is fitted in a wooden tub ; or by twining and 
tying the branches, when it is only surrounded by boughs. 

The tree being thus prepared, two boards are placed over the 
hole, on to which the carriage is pushed, so as to clasp the tree in the 
four beams forming the frame of the carriage. The rear beam is, 
moreover, attached to the lateral traverses by a hinge, which permits of 




Fio. 150. — Plan of Large Carriage. 

manoeuvring it at will, and of thus opening for the trunk of the tree a 
passage which allows of its penetrating into the frame. The clod is 
then raised underneath by the cord or the chain rolled upon hand- 
winches of the appliance. A rotating movement is afterwards given to 
these, and the tree, with the clod, is raised above the soil. The 
traverse of the rear of the frame is put into place ; the shrouds, moored 
to the principal branches of the tree, to keep it straight and rigid, are 
attached to this frame. 

When these different operations are finished, the carriage is drawn 
and the tree transported to its new destination. To lower it to the 
place it is to occupy, the same processes must be employed as for 
raising it from the soil whence it has been taken. The cavity 
prepared for its reception must always be furnished with good ground. 
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properly beaten down and watered as it is thrown into the ex- 
cavation. 

The cost of transplanting a tree a distance of 3 to 4 kilometres, 
varies for the small carriage from 16s. 8d. to 33s. 4d. ; for the medium 
carriage, 33s. 4d. to 62s. 6d. ; and for the large carriage, which often 
requires nine horses to drag it along, from 62s. 6d. to 100s. 

Exploitation of Algerian Tokests. 

This exploitation is regulated by the conditions at which the work 
is contracted for, which, excepting some variations, are the same as in the 
capital. 

Sale of the products is made by public auction. 

From the exploitation point of view, the Algerian forests may be 
divided into two categories — 

(1) Forests stocked with varieties other than the cork-tree. 

(2) Forests of cork-trees. 

Forests of the first category provide firewood, bark, and industrial 
timber. 

Building timber is obtained from forests situated in very rough 
regions not yet served by roads and railways. Their exploitation is 
therefore only effected in a very disadvantageous manner. 

The development of telegraph lines in Algeria was, in 1888, about 
8000 kilometres, which represents about 100,000 posts in course of 
service. We may take, as average figure of the annual consumption, 
for ordinary repairs, 6 per cent, of the number of the poles in use — 
namely, 6000. By adding 1 per cent, in view of the progressive develop- 
ment of the secondary network of wires, we arrive at 7000 as the 
number of posts to be furnished annually. 

In ten years from 1880 to 1890 the forests of this country furnished 
17,000 posts, or 1700 per year. It is therefore seen that the production 
should be quadrupled if the importation of timber from the capital is to 
be given up. 

It must also be said that the timber generally employed for this 
purpose — the Aleppo pine — is appreciably denser than the pines or firs 
coming from the docks at Algiers. Its durability is likewise almost 
indefinite in a number of soils, and as a rule it is at least five tiiues 
greater than that of the telegraph poles employed in France. 

Exploitation of the Cork-Tree. — It has been seen that the cork- 
tree forests in Algeria occupy an area of about 1,132,500 acres. 

Before giving saleable cork, the tree must undergo a first operation. 
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consisting in stripping off the suberose bark which is produced naturally. 
This operation is called ddmasclage (" stripping "). 

To strip a tree, one commences by making, at a certain height, 
a circular groove in the bark, with the precaution not to exceed the 
suberose layer and not to make an incision in the mhe. A similar 
incision can also be made at the foot of the tree. The bark is then split 
lengthways, the same precautions being taken, and, commencing from the 
top, the cork is detached from the mdre, which one continues to raise. 
As soon as the bottom of the tree is reached the cork is detached by 
means of very clean breaking. 

If the tree is not more than about 1 1 ft. in circumference, the bark 
is removed in a single piece, in the form of canon ; beyond this 
dimension two or three slits are made instead of merely one, and the 
cork is then raised in planks. 

This operation, theoretically very simple, requires great care and 
skill. It must always be entrusted to skilful workmen, as the slightest 
fault will cause the death of the tree. Success and the future of a 
cork-tree plantation depend upon proper stripping. 

This last operation must be done when the tree is in full sap ; it is 
only at this time that the cork can be easily detached. When the sap 
is not in full activity the taking away of the cork may be accompanied 
by the dragging away of the mere. The same effect will be produced if 
stripping is commenced too soon ; for example, at the period of the first 
rising of the sap, when the liber is not sufficiently impregnated ; this 
latter, in fact, rises then very easily, on account of its adhering but 
slightly to the sapwood; now, as soon as the liber is drawn, or even 
only disengaged, the cork ceases to form. 

The workman assures himself often by previous sounding that the 
tree is sufficiently in sap to undergo stripping. In this case the side 
exposed to the north must always be sounded. 

By too early stripping the trees would be liable to mutilation and 
consequently die. 

Once opened, the stripping campaign should be carried out very 
rapidly, and finished, if possible, before hot weather sets in. During 
very dry weather the circulation of the sap diminishes ; the cork is then 
removed with difficulty, and the work of stripping is retarded. Towards 
the end of summer one commences to dread the violent winds and, a 
little later on, rainy weather, which are dangerous for those trees which 
have been only recently stripped. 

With the lowering of the temperature the movement of the sap 
is slackened, when stripping is often attended with great difficulty. 
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In this case work must be stopped and a more favourable moment 
awaited. 

Cork is not, properly speaking, an organ of vegetation : it is merely 
a protective covering. 

When a part of this covering is removed by stripping, an abundant 
evaporation is manifested on the surface of the part made bare ; trouble 
in the function of vegetation results ; but if the operation has been made 
under favourable conditions, a fresh epidermis is rapidly formed, because 
the exterior part of the mire becomes dried, evaporation diminishes and 
again becomes normal. If stripping has been too extensive, and if the 
tree has not sufficient vigour to make up for the loss of sap, it will 
perish of necessity. 

It is, therefore, experience alone which can indicate in what propor- 
tions stripping should take place. A tree whose summit is regular, well 
leafed, in a word, a vigorous tree, would be able to undergo severe 
stripping. It will not be the same when the oak is of a poor 
description. ^ 

As a rule, good bearing trees and those of average size can be 
stripped up to the growth of the principal branches. The stripping 
of the trees which have a tendency to produce inflated cork should be 
raised, and in damp ground the stripping will always be able to be raised 
higher than in dry and arid soil. 

Usually, the workman who performs the stripping operation, after 
having detached the cork from the tree, burrows the trunk from top to 
bottom by incisions made in the mere by means of a very sharp knife, 
these incisions traversing the m&re and penetrating as far as the sapwood. 
The object of this is to give play to the crust and to prevent the pro- 
duction of cracks which would otherwise form on the surface of the 
reproduction cork. It would, however, be wise not to allow these inci- 
sions to penetrate as far as the sapwood. 

When it is desired to gather the reproduction cork, one proceeds 
exactly the same as for the stripping. In a forest in course of exploitation 
in another way, these two operations are practised at the same time ; the 
same workman raises the reproduced cork and proceeds to the stripping 
of the young trees. 

The most vigorous tree after stripping is found for a certain time in 
a relatively unhealthy state, and its convalescence lasts until a new 
epidermis is formed over the stripped part. During the convalescence it 
is very sensible to atmospheric influences. 

Trees recently stripped are sensible to the effects of the sirocco for at 
least a month after the operation, and the destructive action is so deep- 
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seated that trees struck dead are dried almost immediately. It there- 
fore follows that stripping must be suspended during the time of the 
sirocco and in the rainy season. 

A '' stripping " timber-merchant's staff is composed of a chief or 
foreman, assisted by five European overseers ; each overseer directs ten 
workmen " strippers," who are followed by four porters. 

To operate what is called the lathie, the overseers arrange their 
" strippers '' upon the same line, spreading them out or placing them nearer 
together, according to the nature of the forest and uneven nature of 
the ground. They afterwards direct the progress by going along the line 
of front, superintending the work of each and verifying if there are no 
trees forgotten in the work of stripping or gathering. The porters come 
behind, collecting with cord the product of one or several trees and trans- 
porting them over the stripping excavations. 

It is generally estimated that a good workman can strip thirty trees 
daily. 

The quantity of cork furnished by a tree at each gathering varies 
according to its dimensions, the extent of surface of stripping, and the 
nature and thickness of the cork gathered. A young cork-tree produced 
at the first gathering from 3 to 4 kilogs., whilst an old tree may give as 
much as 150 kilogs., though this yield is exceptional. 



CHAPTER XVI. 

DAMAGE CAUSED TO WOOD. 

Before considering the methods of preservation, properly so called, 
of timber, it must be pointed out what are the principal causes of 
damage or destruction of much of the timber upon the spot— namely, 
the trees — and of the felled timber, ready for use or even during 
this employment. 

The means of preservation or defence vary according to the nature of 
the destructive agents or the species of enemies attacking the timber. 
These agents or enemies are man, animals, plants, and certain physical 
phenomena. 

It is not our object to dwell upon the damage done by mankind to 
woods or forests ; this subject has almost solely to do with the exploita- 
tion of forests. Let it suf&ce to say upon this special point that man 
can harm forests either by illegally taking possession of the forest 
products and encroaching upon the wooded soil, or by stripping and 
damaging the forests whether by ignorance, negligence, or misfortune. 

As for the damages caused by animals, these affect our subject 
more closely, or at least those due to the ravages caused by insects. 

The animals which injure forests are numerous ; quadrupeds, birds, 
and insects all make war on the trees. 

Domestic animals do the most damage, and among these the goat 
figures in the front rank. 

Too much game is also very prejudicial to forests. Eodents, such as 
squirrels, mice, etc., feed upon seeds and also nibble the buds. 

As for birds, they principally attack seeds. But by far the most 
dreaded enemies, as much for the growing tree as for that which has been 
felled, are undoubtedly insects. 



THE DAMAGE DONE BY INSECTS. 

The ignorance which still prevails of the habits of the majority of 
insects in the larvse state shows that we do not yet know all those 
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which are so destructive to forests, as well as the nature of the havoc 
they commit. 

The ravages caused by insects are of different kinds. Some 
pierce iuto the wood of trees whether these be alive or dead, others 
nourish themselves on their fruit; a large number devour or suck 
the leaves of them. Several, such as the majority of the Coleopterje, 
Hemipterffi, and Hymenopterse, live separated, and only attack the 
wood individually. 

Others, on the other hand, such as certain Lepidopterse, are gregarious, 
and devastate, in the caterpillar state, the woods and forests, where they 
cause incalculable damage. 

Some details will now be given as to the principal destructive 
insects. 

Among the Ooleopterce, we put first the cockchafer, which devours 
the flowers and leaves of the oaks and beeches. The larvae of this insect, 
known as white worms, eat away at the roots of trees, causing them 
to perish. 

There are several varieties of cockchafer, the principal being the 
Scarabmus melolontha and the Scarahmus fullo. 

Afterwards come the Bostriche typographe, which is brown, velvety, 
with striated elytrons, truncated and dentated. It is in the state of 
larvae that this insect attacks different trees and becomes quite a scourge 
for forests of firs and pitch, in creeping between the tree and the bark, 
and there boring out a multitude of passages which stop the circulation 
of the sap. 

To guarantee forests from attacks of this insect, the multiplication 
of its enemies must be encouraged, such as night birds, the woodpecker, 
tomtit, and chaf&nch. 

The unhealthy, damaged, or falUng trees are felled promptly and 
in all seasons, or, at any rate, these latter are barked. 

The shoots are extirpated at once after felling, or they are stripped 
as soon as possible of their bark. The trees attacked by insects are then 
attentively sought after, and are -recognised by the yellow colour of their 
cones ; these trees are then felled and immediately barked. 

The Bostriche of the sylvester pine is very small, chestnut-brown, with 
red abdomen. Like the preceding, it attacks trees whether alive or dead, 
especially old trees. 

The destructive Scolyte is black, brilliant, and dotted ; the feelers and 

legs are of chestnut colour. The female, in the perfect and fecund 

condition, pierces the old bark, especially that of the elm, as far as the 

liber ; it then rises from bottom to top in the liber and sapwood in a 
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passage that it forms there, being nourished upon its tissues, and deposits 
in this passage, one upon the other, its proHfio eggs. When the laying of 
eggs i-s finished, it dies at the end of the passage, or comes out by another 
hole to die elsewhere. 

The deposited eggs are hatched ; the larvse are also nourished by the 
liber and sapwood. They bore from each side of the maternal passage, 
closely against each other, thus forming, with the central passage, a sort 
of herring-bone pattern, which is perceived wlien the bark detached by these 
larvae is removed. When they arrive at the term of their growth, they 
become transformed into perfect insects, piercing the bark, spreading 
outside, and coupling, and, when pregnant, the females, in their turn, come 
back to pierce anew the bark of the tree and deposit there a fresh series 
of eggs, thus recommencing their mischief. 

Scolytes, like other parasites, fall less upon healthy trees growing 
vigorously. It even happens, when they have attacked vigorous trees, 
when the eggs are deposited there and even when these eggs are hatched, 
that an abundance of sap, in the spring time, surrounds either the eggs 
or larvae, swamps them and kills them, the trees thus escaping the 
attacks of the insects. They, however, experience a slackening in their 
vegetative force ; and if the attacks are renewed and multiplied, the trees 
fall insensibly in a state of languor, which more particularly* attracts new 
parasitic legions. 

To arrest the ravages of scolytes upon elm-trees, the breeding places 
are sought of these insects, then, by opening these places to the 
air, the insects are killed before they have a chance to reproduce 
themselves. 

Besides the scolytes, there is another species of insect which attacks 
the trees of forests. These are certain Lepidopterce, and among others two 
nocturnal butterflies, the Gossus and the Zeuzera. The female of these 
two varieties, when pregnant, deposits its eggs upon the bark. Young 
caterpillars, instead of nourishing themselves upon the leaves, even feed 
upon the wood. They force themselves under the bark, afterwards enter- 
ing the body of the tree, where they form holes which not only impair 
the quality of the wood, but also arrest its vegetation, even -shortening 
the life of the tree if they are multiplied. General barking has the 
advantage of laying bare the holes made by these caterpillars — holes 
which a simple research sometimes fails to discover. Oncie these holes 
are discovered, the caterpillars are killed by means of an iron wire, which 
is forced through the holes, or even by means of the application of a 
layer of tar. By this latter operation the holes are stopped up and the 
caterpillars perish, either through privation of air or because the oil of 



DAMAGE CAUSED TO WOOD 291 

tar reaches them and stops up their respiratory spiracles, or because the 
tar, like the oil, acts in a toxic manner upon the insects. 

This coating of tar has still another advantage — that of driving 
away, on account of its odour, the insects, and thus preserving the tree 
against renewed attacks. Lastly, in covering the wounds and the woody 
matter laid bare, where all the bark has been destroyed, it preserves 
it from contact with the air and especially from dampness, preventing it 
from decomposing and avoiding a fresh cause of destruction of the tree. 
Indeed, when the woody matter of the trunk is destroyed, the bark 
supports the weight of the top of the tree with difficulty, and it does not 
then require much wind to break it. The tar, for the rest, does not 
prevent the sappy pads from forming, and it does not appear to produce 
any regrettable effect upon vegetation. 

Other Lepidopterse whose ravages are greatly to be feared are the 
processionary Bomiyx, Pyrale, and Fidonia of the pine. 

With regard to the damage done by the processionary Bombyx, Pyrale 
of the shoots and buds, and Fidonia of the pine, it is found, according to 
M. Couturier, that the nests of bombyx appear in the autumn, from 
September to November, according to climate. Always completed at the 
time of strong frosts, they are purse-like in construction towards the end 
of the branches. They are found upon pines from seven to eight years of 
age. The invasion is more or less extended, but they are found almost 
each year from the littoral as far as the Alps. 

Caterpillars are hatched in early spring. At first very small and 
tenuous, like the points of needles, they are, at the end of a month, about 
3 cms. long by 4 mms. thick. In April they attain their maximum 
development ; about double the preceding dimensions, they are velvety 
and reddish, and have sixteen claws. Towards the month of May they 
leave the nests, after having devoured the cones and the bark of the 
boughs to which these nests are fixed, and they roam processionally 
from one pine to another to continue their havoc. 

Before the definite abandonment of the nests, they already make 
partial incursions outside. 

At the end of June the last transformation is effected ; neither cater- 
pillars nor larvce are found. The purses are full of the dilris of the 
immediately preceding envelope. 

This caterpillar is easily destroyed in the purses, which are slightly 
opened and into which oil is poured. 

If the invasion is considerable — that is to say, if it attacks greatly 
pines near one another — there are, on an average, one or two purses upon 
each. 
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In this case a workman can destroy per day 600 nests on pines 
from 3 ft. 3 in. to 6 ft. 6 in. high, and 200 only if the trees are 
taller. 

It often happens that, as a consequence of more backward hatchings, 
purses are formed in the spring ; in this case they are smaller, not so 
thick, containing caterpillars less developed than the others. 

The Pyrale of the buds appears in the spring, at periods varying 
according to places. 

The invasion, once commenced, goes on rapidly. Four or five days 
after the appearance of the pyrale the caterpillar and the chrysalis can 
be found on the same pine. 

The Pyrale of the shoots appears later — in June — when the sap has 
been active for some time ; the buds attacked then become crooked in a 
characteristic manner. 

The shoots crossed by the pyrale become dried up and die, the tree is 
deformed, the more as the insect frequently attacks the top. It is by no 
means rare to find from six to twenty of them upon an average-sized tree, 
and the plantations are invaded from the age of six to seven years. 

The caterpillar is olive colour, 1 to 2 cms. long by 2 to 3 mms. thick. 
The chrysalis is chestnut colour. 

The insect, in introducing itself at the bottom of the buds, determines 
a flow of resin, which denotes its presence. To destroy it the bed of 
resin is removed with caution, and through the hole that the insect has 
burrowed a fine point is thrust in order to kill it. 

A workman can kill about 5000 of them per day. But it is often 
quite advantageous and more expeditious to merely cut the bud attacked 
and to burn it, providing it be not terminal. 

The pyrale attacks the black as well as the forest pine. 

The caterpillar of the Fidonia of the pine, 3 cms. long by 4 mms. 
thick, is green, with two longitudinal rays of a dirty white, and the top of 
a brilliant black. It attacks the forest, black, and laricio pines, from eight 
to fifteen years old, devouring all the cones. When a tree is approached 
upon which it is foimd, they rapidly mass together so as to form 
a sort of pellet, twisting and twining in every direction ; when one gets 
farther away, they spread rapidly afresh on the branches. 

To destroy them, the plants are slightly shaken so as to make the 
caterpillars fall off, either into " receivers " filled with acidulated water, or 
upon linen, where they are collected, to be either drowned or burned. 
They can thus be destroyed to such a degree that, the following year, 
there is no longer any damage to be recorded. 

The termite of the Neuropteras order is also a dreaded insect, attacking 
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the most solid timber work. In Algeria entire villages are often 
threatened in consequence of its presence in dwellings. The African 
natives call it timedi ; its length is about 1 mms. Its head, which 
is reddish, resembles that of the ant. 

This insect attacks carpenters' work by gnawing it, even penetrating 
into stone and there multiplying in profusion. A house invaded is con- 
demned to tumble down. It also attacks vestments and certain fruits, 
like dates.' 

The mandibles are very strong ; all means attempted for its destruc- 
tion have remained without result. Washings and coatings of lime have 
no effect. 

The termite is common at the Cape of Good Hope and in the interior 
of Africa ; it also exists in the west and south of France. 

This insect respects the exterior teguments of objects, though it com- 
pletely destroys the interior of them, so that most often its destructive 
action is only perceived when it is past remedying. 

The Limnoria terebrans, a small crustacean 4 mms. long, is 
furnished with two claws, allowing it to hang from wood like a 
bat. 

This animal can easily move about by the aid of two rapidly moving 
" fins." 

More dreaded than the taret, the Limnoria terebrans can, indeed, not only 
live and develop in clear water, but also in mud or wet embankments. 

One can therefore only struggle against the destructive effects of this 
animal by creosoting the pile-work, or injection by means of corrosive sub- 
stances or mailletage, which is an operation consisting in forcing nails very 
close against each other in the surface of the wood desired to be protected. 

Almost ail the forest species may rapidly become the prey of this 
small crustacean, with the exception of the Eucalyptus rosirata. 



DAMAGE TO THE COEK-TRBE. 

Like all the forest trees in general, the cork-tree nourishes a large 
amount of insects, living at its expense upon its leaves, in the wood bark 
and even the roots. 

The following are the most harmful : — 

Caterpillar, devouring the leaves. 

Worm, which eats the wood. 

Ant, which pierces the cork. 

The Caterpillar. — Among the numerous varieties of Lepidopterse 
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caterpillars living upon the leaves of the cork-tree, one only deserves 
attention, on account of "the enormous ravages which it makes; it is 
the caterpillar of a nocturnal butterfly — the Bomhyx dispar. This cater- 
pillar, fairly bulky, may reach 5 cms. long; it appears in the spring 
often in enormous quantities and principally in young plantings, which it 
devours even to the last leaf. 

When a tree is stripped, they pass to the neighbouring one, thus 
continuing their ravage up to the time of their transformation, which 
takes place at the commencement of June. The butterfly is hatched 
three weeks afterwards, the female of which is larger than the male and 
differs besides in the colour, whence its name. 

During the day the female, applied against the trunk of the trees, 
deposits there, generally at the bottom of the branches, its agglomerated 
eggs, in oval plates and covered with a thick greyish-yellow felt. Hatch- 
ing often takes place the same year ; a second scourge, more dangerous 
' than the first, is then produced. 

The devastations of the caterpillar of the Bo7iibyx dispar spreads 
sometimes over very large areas, and in Algeria cantons of 1500 to 2000 
acres are often seen stripped of their foliage in the space of a few weeks ; 
at a certain distance the denuded trees present the appearance of a forest 
ravaged by fire. 

Those trees whose leaves have been devoured by caterpillars do not 
appear to suffer the first time ; the foliage soon re-forms, but it is not the 
same if this is repeated the following year, or, what is still worse, a second 
time in the same year. In this case the tree, exhausted, scarcely replaces 
the foliage of its summit, vegetation becomes languid, and a certain 
number perish. 

It is seldom that caterpillars present themselves three years in 
succession in the same canton. 

It is generally admitted that each invasion of caterpillars creates a 
loss of at least half of the annual production of cork, delaying the 
gathering for a year. 

The caterpillar of the Bomhyx dispar has sometimes, though erroneously, 
been confused with that of the processionary Bomhyx, which has previously 
been dealt with. 

The Worm. — Insects which, under the form of caterpillars or larvae, 
exercise their ravages upon the interior of cork-trees belong especially to 
the Lepidopterse, Coleopterse, and Hymenopterfe orders. The caterpillar 
of a Lepidopterae, the Cossus spoilt-wood and the larvae of certain Cole- 
opterae of the Longicorn family, alone deserve our attention. 
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It often happens that young and vigorous oaks which have been 
" stripped " a few years ago perish suddenly and die in a short time, 
without any apparent motive to justify this mortality. Corkers then 
say, and with reason, that these trees " have had the worm." 

The Gossiis ligniperda is a large nocturnal butterfly, with ash-grey 
wings and thick body. The female's abdomen is furnished with a 
tubular terebra, by means of which its eggs are deposited under the bark 
of the trees. This butterfly is equally distributed in Europe. 

During the day the female remains motionless at the foot of the 
trees. In the month of July it deposits, by means of its terebra, its eggs 
at the bottom of the crevices of the bark, and fixes them there, almost 
level with the soil, by means of a viscous liquid. Shortly afterwards the 
young caterpillars are hatched and are of a bright rose colour on top. 
They immediately make a passage as far as the sapwood, nourishing 
themselves for some time upon the surface by destroying the liber, 
hollowing superficial passages, narrow at first, but enlarging by degrees. 
Arrived at a certain size, the caterpillars quit the sapwood and penetrate 
into the interior of the tree, where each one hollows, axially, a principal 
passage, furnished with several lateral passages directed towards the 
surface of the bark. 

At the adult age the Cossus caterpillar sometimes measures a 
decimetre long by about 30 mms. thick. It is provided with strong 
mandibles, which serve to attack easily the wood fibres. 

When the size reached by this caterpillar is considered, as well as the 
development and width of the passages which it burrows, an idea is 
obtained of the ravages which a colony composed of several dozens of this 
species of enemies can make upon the interior of a tree. 

A tree of good dimensions may resist for some time, but a young 
subject is promptly killed ; the Cossus caterpillar must therefore be con- 
sidered as very harmful. 

This butterfly usually attacks young and vigorous trees. Old trunks 
are generally inhabited by the larvrei of several large Coleopterte of the 
Longicorn or Capricorn family. The larvas of the Ceramhyx is the most 
common ; in size it is about the same as the Cossus caterpillar. This 
larva burrows, in the interior of oaks, sinuous and slightly flattened 
passages, the size of which reaches 3 cms. ; it does not live as long 
as the Cossus caterpillar, and is less to be feared. 

The perfect insect comes out through a lateral passage opening at the 
exterior by a hole, which is often the size of one's finger. 

Old oaks are frequently met with whose trunk is completely studded 
with holes upon those parts stripped of their bark ; such trees no longer 
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have vigour, and only produce a thin and not very abundant bark ; what 
it is best to do is to fell these trees as quickly as possible, to clear the 
forest of them and make room for replantings. 

The Ant. — As a rule, ants are considered as being more useful than 
otherwise for forests. But there is one of them in Algeria, the wood- 
gnawing ant {Formica ligniperda), which is not content with dead wood, 
and which attacks the cork, where it is established often in large 
colonies. 

This insect does not work in the open air, nothing in particular 
denotes its presence on the exterior, and one has to remove the cork to get 
an idea as to the ravages. Upon the " stripped " trees the ant enters by the 
slight opening existing between the male bark and that of reproduction ; 
crouched under the male cork, it begins to establish its first passages by 
profiting by the medullary canals, of which the disaggregated cells offer 
an easy progress. 

It afterwards advances by hollowing, according to the limit, annual 
beds, and the different storeys of its abode are thus found arranged 
concentrically. The rooms or cells are separated by partitions or thin 
columns towards the centre, and whose thickness diminishes unceasingly 
in proportion as the column increases. 

By this incessant work the cork of certain trees is studded with holes 
to such an extent that it has barely any consistency. The naturally 
porous corks, whose numerous medullary canals facilitate the work, are 
most exposed to the attacks of ants. 

The following are the measures of protection : — 

One should hasten to clear away all bad trees, and destroy by fire all 
the old timber which might serve as a retreat for ants. At the time 
of stripping care must be taken to see that no old bark be left adher- 
ing to the foot of the tree, and that on the top the detachment of the 
bark should be done so as not to remove the male cork remaining above, 
for it is always here where the insects try to take refuge. 

The insects living upon the roots of the cork-tree are not very 
important, only a larva of the small cockchafer can be cited which often 
attacks the roots of young plants. 

Lastly, the diseases noticed upon the cork-tree have as their causes 
either a vicious treatment on the part of man, attacks of insects, or 
atmospheric influences. 

As a rule, to prevent the ravages of insects, those animals are 
multiplied which are enemies to them and whose presence is not pre- 
judicial to the forests. A very active surveillance must be kept the 
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whole year, but. especially in the spring ; one avoids felling the trees in 
sap, especially the resinous ones ; or else those that have been felled or 
blown down by the wind are barked at once. The shoots of these trees 
are extirpated at once, or at least they are barked ; and the trees are 
felled which are isolated and infested by insects, and a deep ditch is dug 
around the tree that is attacked. 

We will not dwell upon those plants which are harmful to forests, 
their number being very great. The following only will be cited : — 
Gommon broom, hramble of Mount Ida or raspherry-hush, hedge hranibh, 
hlue-herry bramble, hedge clematis, tree-ivy, common sweet-heather, myrtle 
cowberry, and holly, etc. 

DAMAGE DUE TO PHYSICAL PHENOMENA. 

It only now remains to make mention of several physical phenomena 
harmful to forests. 

Some are due to climate, others to the state and nature of the soil, or 
to its topographical configuration. 

The first, due to climate, are : cold, heat,- wind, snow, hail, and 
lightning. 

Cold is generally harmful to a rather large number of woody plants, 
and it is especially by frosts whence it arises that this atmospheric 
phenomenon causes most damage to our timber. 

Severe frosts, indeed, cause the large trees of our forests to split and 
break, and produce defects known under various names. 

Forests are guaranteed from the effects of cold and frost, or at least 
their disastrous effects are attenuated, by reasonable and skilfully-directed 
handling. 

Heat is prejudicial, especially through the dryness it occasions. 
Intense and prolonged heat, by drying the soils, especially those which 
are light, dries up and causes the seeds to perish, deprives the young 
plants of their proper dampness, and they consequently die. It also 
exercises a baneful influence upon the trees, which it dries up and causes 
the cortical covering to crack. 

Wind, especially hurricanes, creates immense damage in our forests, 
principally in those which contain high lofty trees, which they break and 
uproot. The disastrous effects of the wind are to be partially avoided 
by carefully studying their nature, frequency, and ordinary direction, and 
by intelligently directing the management and cutting of the timber. 

Snow often causes damage in very thick forests, especially in those of 
resinous trees, by accumulating upon their summit and breaking their 
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branches. Sometimes the snow, after being thus accumulated upon the 
top, falls in a mass, breaking the young plants. Forests are preserved as 
much as possible from the destructive action of snow, by not planting 
the trees too close together, and at the same time skilfully practising 
clearings and loppings. 

As for the physicaV phenomena due to the nature or configuration of 
the soils, they are often the more dreaded, as they sometimes extend 
their ravages over a considerable surface of ground. 

To the number of these phenomena can be ranged the overflowing 
or stagnation of waters, the moving sands, avalanches, and landslips. 
The different means of preservation in various cases have already been 
shown in previous chapters. 

DAMAGE TO TIMBER IN FOUNDATIONS. 

This survey of the different causes of deterioration of timber may 
be closed by showing what often occurs, from this special point of view, 
in foundations. 

It has for a long time been admitted that timber constantly, placed 
under water in the foundations of hydraulic works is preserved without 
alteration in an indefinite manner. 

Herve Mangon, whose attention had been drawn to this point, has 
stated precisely, by concluding analyses, one of the causes of destruction 
of timber in foundations. 

A first specimen was part of the piles of the foundation of the Bridge 
of Mejin, cut at about 8 ft. below the low-ioater mark. In the damp 
condition this timber did not present any resistance ; dried, it showed 
strong contraction, and was of rather long durability. It was of a deep 
brown colour, and appeared deeply altered. 

An elementary analysis of this sample has given the following 
results : — 

Per cent. 
Carbon .... . . 43-890 

Hydrogen . . ... . 7-825 

Nitrogen . ... 0-460 

Oxygen ... , . 39-720 

Ashes . 8-105 



100-000 



On the other hand, the analysis of the ashes, added to the preceding 
figures, permits of the composition of the entire mass being established 
as follows : — 
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Per cent. 


Per cent 


(1) Water and organic matters . 


91-895 


91-895 


(2) Soluble salts in water — 






Alkaline salts ..... 


0-054 ^ 




Lime .... 
Magnesia, chlorine 


0-250 ( 
traces C 


0-430 


Sulphuric acid ..... 


0-126 > 




(3) Matters soluble in nitric acid — 






Alumina ...... 


0-405) 




Peroxide of iron . 


0-470 - 


2-030 


Lime ... 


1-155 > 




ilagnesia . . * . . 


traces 




(4) Matters insoluble in water and nitric acid- 


- 




Silica and traces of clay 


5-575 


5-575 


■ Unknown matters 


0-070 


0-070 



100-000 100-000 

If these figures are compared with those expressing the composition 
of wood in the healthy condition, it will be seen that there has been great 
changes. The woody mass had passed in large part into the peaty state, 
and was impregnated with a quantity of earthy matter much superior to 
the proportion of ashes generally existing in wood. 

Other analyses, and notably analyses establishing the nature of the 
water extracted from the bottom of excavations where the stakes are 
found, have demonstrated that these waters exercised over the wood of 
the piles a destructive action. The destruction of timber, in certain 
non-running waters, is therefore a proved fact. 

A deterioration, and one of the most rapid, is often observed in 
wood exposed to the action of waters charged with sulphate of lime and 
sheltered from the air, as happens in foundations. The organic matter 
transforms the sulphate into sulphur, which is burned by degrees and 
loses all solidity. 

Let it be added that these changes are only produced in special cases. 
In others, on the other hand, the preservation of timber in water is an 
acknowledged fact. The condition, age, and time of felling of timber 
must greatly influence this preservation. 

In Spain, for example, Phoenician piles have been found of un- 
doubted authenticity, and a deterioration of the surface of these stakes 
has been proved, but only to a depth of about 30 mms. The axis was 
intact, and it has been recognised that these stakes were of cedar. The 
surface was of pure lignite, for, although the aspect was that of peat, 
analysis gave the same elements as for the lignite of Frankfort and 
Nassau. The change was not the same at all levels ; stakes intact upon 
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the lower part were badly attacked upon the upper. This difference un- 
doubtedly arose from the fact that different levels were not charged with 
the same proportion of ferrous salts, which are most dangerous for wood, 
especially when they contain the sulphate. 



FOSSIL WOOD. 

Mineralogical specimens are frequently met with, which, although 
presenting all the physical and chemical appearances of stone, are only 
fossilised wood. Trunks of trees met with in this condition, whilst 
preserving the fibrous texture, are mostly either carbonised or, better, 
siliceous. 

One of the most remarkable examples of this alteration of timber was 
furnished at the Universal Exhibition of 1889 by admirable specimens of 
petrified wood of the Arizona Forest. 

In the Apachia country, upon the territory of Arizona, 40 miles 
south-east of Olbrook (U.S.A.), a plain is found where formerly there was 
a virgin forest, but which is to-day changed into a vast heap of stones. 

These trees, transformed into stone of a durability exceeding that of 
quartz, are half buried in the lava and ashes issuing from volcanic 
eruptions. 

The trunks generally lie embedded upon these ashes and lava, which 
are covered with sand under a depth of about 35 ft. 

Transformation is produced slowly, the silicate being substituted for 
the organic matter in such a manner that the slightest sinuosities, the 
grain of the wood, and the rings were preserved quite intact. 

The colours of the trunks, which are of the most variegated and 
beautiful descriptions, have even appeared to surpass in beauty those 
of the most celebrated marble and the most renowned agates. 

In several cases the preservation of the tree is perfect, including the 
bark and the heart with its regular rays. 

Naturalists who have sought to determine to what varieties these 
fossil woods can belong have not been successful in their research, for 
most different opinions have been expressed. 

Some declare in favour of the cedar, pine, and palm-tree ; others, the 
oak, nut, cotton-tree, etc. 

This marvellous deposit covers a surface of about a thousand acres, 
and it is estimated that it contains a million trunks. 

As to the manner in which this remarkable phenomenon is produced, 
it can only be supposed that the entire forest was roughly turned upside 
down and completely covered with ashes and lava. The warm waters 
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charged with silica spurting from springs or forced out by volcanic action 
pierce these ashes, refreshen them, and come in contact with the trees — 
hence conditions favourable to silicification. 

It can also be thought that the change has been caused by the 
sojourn in the volcanic tufa. Very siliceous waters then penetrate slowly 
into the buried woods, gradually depositing their silica in the cells ; the 
jasper and agate take the place of the cells and fibres. 

The astounding variety of colours presented by these petrified woods 
causes the supposition that siUoeous waters also contain metallic oxides. 
The geological layer containing these woods is the sand of Ghinarump^ 
a group of the tertiary period. The name Chinarump is the local Indian 
denomination of the point of arrows ; it is thus that the Indians designate 
agatised wood, with which they usually make their arrows. 

Upon the whole surface of the emplacement trees lie embedded and 
strewn in a variety of different positions ; their dimensions being most 
variable. One sample, among others, of a length exceeding '160 ft., is 
found broken in sections of uniform size, as if sawn before the catastrophe. 

Another tree has been found in a multiple of fragments. It can be 
supposed that these different fractures have been the result of alternatives 
of heat and cold acting upon the waters, which had even penetrated into 
the trees themselves. 

It has already been said that these trees show themselves in different 
positions; some of them exceed 190 ft. in length, with trunks of about 
10 ft. in diameter. 

Upon a point of this antediluvian park, one can admire a natural 
_ bridge of agatised wood, formed by an immense tree lengthwise and cross- 
wise, the two ends of which are twisted and buried in the sand. This 
wood, beautifully shaded, presents all the tints of the spectrum. The 
colour often appears in distinct places forming spots, or else, on the other 
hand, the tints are imperceptibly mixed, often also intermixed with white, 
black, or grey. 

The broken sections of these trunks are often bordered on the interior 
by amethyst or calcite, differently shaded. With the microscope an 
even better view is obtained of the beauty of the colours, and it is 
proved that the structure of the smallest cells is found perfectly pre- 
served. The structure of these cells shows that these trees have grown 
under a mild and equable climate. The walls of the cells are of almost 
constant thickness. In some specimens the microscope has detected the 
presence of destructive fungi. 



PAPiT V. 



THE PRESERVATION OF TIMBER. 

In the whole of the preceding we have endeavoured to show how import- 
ant is timber in general. We have seen what innumerable varieties 
of useful descriptions have been placed at our disposal by Nature, and 
have also aimed at . making it understood how pressing it is, for all 
civilised nations, to succeed in preserving actual forests, whilst cultivating 
them with intelligence and prudence, as well as to seek to reconstitute 
in part those which, for long years, regrettable wasting had caused to 
disappear. 

To sum up, we have, especially up to this point, sought to indicate 
the means of preserving growing wood — in a word, the forests. It 
now remains to show that it is not less interesting to endeavour to pre- 
serve woods once felled and cut up, and to maintain their durability as 
long as possible ; this will be the subject of this part of our study. 



CHAPTER XVII. 

GEXERALITIES— CAUSES AND PROGEESS OF DETERTORATION— 
HISTORY OF DIFFERENT PROPOSED PROCESSES. 

Let it be at once said that this question of the preservation of wood, 
which must be placed in the front rank among the most important 
questions of public economy, has not yet been thoroughly solved. A log 
of wood should be able to resist time as long as a mummy ; this, how- 
ever, is not yet so. 

One must not be frightened at the possibility of the disappearance of 
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wood over the surface of the globe, but it is, all the same, of great 
importance to prolong the durability of timber which has been worked 
and employed in buildings or in the arts. 

The problem of the lengthy preservation of timber is capital for a 
great number of industries which make a considerable use of this raw 
material. This problem, formerly solved incompletely by the mere 
desiccation of timber and by protective coats destined to prevent 
air and dampness from penetrating into the pores, has given rise to 
numerous methods, all having for their basis the introduction of anti- 
septic liquids into the interior of the timber to be preserved. 

But first let its see what are the causes of deterioration of the 
timber in use. 



CAUSES AND PROGRESS OF DETERIORATION. 

Wood exposed to the air does not take long to decompose ; it 
becomes equally destroyed when under ground. It can even become 
altered when it is immersed in water. This deterioration arises from 
several causes. 

At first the albumen and the nitrogenised matters which it contains 
tend to provoke there the development of different beings. Crypto- 
gamic. vegetals are formed there, and, moreover, in the air as well as in 
water, it is attacked by insects or xylophage animals. Besides, the wood 
is susceptible of experiencing fermentation, and it then undergoes slow 
decomposition, which is analogous to that of the animal matters. It can 
be said, in resuming, what has already been established, that the elements 
composing timber are the following : — 

In the first place, the ligneous matter constituting the framework of 
.the wood or the walls of the cells, and which is composed of carbon, 
oxygen, and hydrogen. 

In the second, the incrustated organic matter clothing the mem- 
branes of the cells and showing itself in a layer more or less thick and 
irregular ; ' this is also composed of carbon, oxygen, and hydrogen. It 
-especially abounds in the centre, the density and durability of which it 
augments. 

Lastly, dissolved in sappy water, fatty, sugared, and saline nitro- 
genised matters, in which nitrogen associates itself with the three other 
elements, and which fill the cavities of the woody tissue. These matters 
are more abundant in sap wood than in the heart of the wood, and in 
larger quantity in the young vegetable organisms than in those formed 
at an earlier period. 
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Timber can, as is seen, be considered as formed of two different 
matters : one, which predominates, of ternary composition ; the other, 
which is much less abundant, of quaternary composition. Both are 
subject to spontaneous attractions. 

The ternary matter finds its most essential cause of alteration in the 
great affinity of its carbon to oxygen, an affinity which is favoured by 
alternatives of dryness and dampness, and which has, for its final results, 
the conversion of timber into a greyish or brownish powder. 

The quaternary matter is submitted not only to the affinity for 
oxygen of the carbon which is found contained therein, but also to the 
affinity of its nitrogen for hydrogen, and of these two affinities there 
results a force of perturbation which renders the decomposition of wood 
far more easy. 

The nitrogenised matter presents besides conditions necessary for the 
nourishment of worms and the development of cryptogamic vegetals. 
These are two new and powerful reasons of the alteration of timber. 

Timber therefore offers a double cause of decomposition, the gravest 
of which lies in the present changeableness of the nitrogenised matter. 

Two kinds of means, one physical and the other chemical, have been 
proposed and employed under several forms to retard or prevent this 
decomposition, which demands a certain heat, added to the presence of 
water and air, to start it, and which ceases to take place when even one 
of these conditions is wanting. 

HISTORICAL. 

It was not until the eighteenth century that the scientific world 
busied itself with the causes of putrefaction, and sought, by experiment 
and analysis, to dive into the secret of it. Methodical investigations were 
undertaken- of the phenomena of fermentation and putrefaction. They 
were at first attributed to the separation with the substance, by way of 
transformation of the unknown element, which at this period had received 
the name of " phlogiston." Then came the M'Bride theory, giving to 
carbonic acid the special power of maintaining the cohesion of the mole- 
cules. According to this theory, putrefaction commences when the 
molecules are disjointed as a consequence of the departure of the carbonic 
acid. None other of these theories explained why the cessation of the 
vital movement was the sole cause of the commencement of disorganisa- 
tion of the tissues. 

At the end of the eighteenth century the generally admitted opinion 
was that putrefaction is one of the forms of fermentation. 
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But this theory, as often happens, was preceded by practice, and several 
comprehensive lists ' of antiseptic compounds have been published since 
the end of the last century. 

Towards 1850 the generally received opinion as to the causes of 
the pu.trefaction of wood was the natural consequence of the theory of 
fermentations created by Liebig. According to him, fermentation was 
nothing else but a sort of slow combustion, determined by the presence 
of certain organic matters in the process of decomposition. 

This theory only demands, so that fermentation may take place, tlie 
co-operation of damp air. Mouldiness, parasites, or animalculse signalled 
by the microscope in the substance in putrefaction are not the cause of 
phenomenon, but only its consequence ; they come into being after the 
putrefaction has commenced. 

Liebig's theory does not therefore explain the action of heat and 
cold, which retard or accelerate fermentation, neither that of chemical 
products, which equally modify it, of alkalies, which often accelerate it, 
or of acids, which generally slacken it. 

Liebig professed the opinion that it is albumen which maintains life, 
of animals as well as of vegetables. When life disappears, albumen is 
decomposed and produces rot. 

In admitting this theory, it is concluded that the substances fit for 
the preservation of timber were those producing the coagulation of 
albumen. Now, protochloride of mercury (corrosive sublimate), sulphate 
of copper, chloride of zinc, and oils of tar enjoy this property. The 
preservative action of these substances is therefore thus explained. 

But what are the antiseptics capable of preserving wood ? Does the 
coagulation of albumen sufficiently explain the action of oil of tar, and, 
in particular, that of creosote ? A negative reply must perforce be 
given. It is certain that a number of substances which exert no pre- 
servative action over wood possess the property of coagulating albumen ; 
boiling water is in this case. And this coagulation does not, moreover, 
suffice to completely preserve albumen. 

Liebig attributed the production of rot to a slow combustion brought 
about by the presence of decomposing bodies, and, according to him, 
the phenomenon cannot be due to the action of germs or living 
organisms. 

The generally-accepted theory of our time is entirely opposed to 
Liebig's assertions. 

M. Pasteur affirmed that the phenomena of fermentation or putre- 
faction was only accomplished in presence and by the fact of living 
germs, which are thus the true agents of decomposition. 
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M. Tyndall discovered that the most easily putrescible substances, 
either animal or vegetable, can be indefinitely preserved iu tubes where 
they are sheltered from germs. It does not suffice, for the preservation 
of those bodies, that they should be deprived of the germs once for all ; 
it is also necessary to prevent the action of new myriads of germs, 
always ready to form. 

This savant showed the germ penetrating through the opening of a 
tube as a trial, and, consequently, putrefaction declaring itself in the 
contents of the tube. A comparison can here be established with the 
orifice of a fissure produced in the wood — for example, under the action 
of the sun. The germ penetrates through the opening, and if this latter 
is prolonged in the mass of the wood, beyond layers which have been 
impregnated with antiseptics, it will carry the ferment of the rottenness 
in the middle of the piece of timber. 

But if the antiseptic employed is a resinous or bituminous compound, 
it will flow into the fissure in proportion with its development, and will 
close the entry of it. If, indeed, a slit or wound produced in the 
trunk of a living fir-tree is examined, it will be seen that Nature has 
taken care to cover the wound with a resinous substance, which protects 
it against destructive agents. 

Other facts support the germs theory, and prove that putrefaction is 
not produced in their absence ; it is thus that bodies of gigantic mam- 
moths have, been preserved in blocks of ice throughout ages ; trees of 
primitive forests have remained intact in a thick sheath of peat, and 
fragments of building timber thrust deeply under water have resisted rot 
for centuries. 

In applying this theory one will naturally be induced to employ, so 
that protection may be durable, agents which themselves must be resistant 
or unchangeable. 

The germ theory will then be able to give valuable indications as to 
the choice of these agents. It is therefore as well not to place much 
confidence in germinicides volatile or soluble in water. It is preferable 
to employ compounds capable on the one hand of destroying the germs, 
and on the other of preventing their contact with the timber to be 
preserved. , 

It is therefore necessary to exclude from the first those which may 
attack or impair the fibre of the wood, and amongst the latter may be 
ranged the liquids with acid or marked alkaline reaction, as well as 
certain metallic salts. 

It will be seen that salts of zinc, mercury, and copper have been or 
are employed with certain success ; among those, the sulphate of copper. 
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less soluble than chloride of zinc and less volatile than corrosive sub- 
limate, should produce the best effects. 

It can be concluded a priori from the preceding considerations that the 
best antiseptics would be the oily or bituminous substances which stop 
up the pores of the wood. One should choose out of these bodies those 
which, containing germinicide compounds, can become solidified most easily 
in the pores of the wood, and which require, in order to become volatilised, 
the highest temperature, and, in a word, those which are slightly or not 
at all soluble in water. 

Whatever the variety of the timber may be, rottenness, whether dry 
or damp, makes rapid progress in the direction of the growth', whilst its 
progress is very slow and inconsiderable in the direction of the medullary 
rays. The top-end of logs are often rotten, whilst their periphery is still 
appreciably intact. Logs have often been seen completely split by rot by 
the prolongation of holes of pegs when the wood in juxtaposition is still 
perfectly healthy. 

When the logs are not split, a trail more or less long of decom- 
position is observed in the common varieties. When the observation 
refers to oaks, the fibres which are found in the prolongation of the 
pegs are sometimes tinted black. The soluble iron compound borrowed 
from the peg meets in the oak enough tannin to colour it black. Very 
long trails are often seen offering but very feeble lateral deviation. The 
trail, blackened in the oak, rotted entirely or almost so in the other 
varieties, is not straight ; it follows all the inflections of the woody 
fibres, — that is to say, it always travels in the prolongation of the first 
elongated vessels attacked. 

All the wounds, kerfs of the saw, or blows of the axe, which occasion 
a solution of continuity in the elongated vessels, become causes of rapid 
rottenness. 

It is to Jean of Verona, contemporary of Eaphael, to whom the first 
idea of dyeing timber by impregnating it with different ingredients and 
boiled oils is attributed. 

But before this time we find in the works of the ancients indica- 
tions as to the means employed for preserving wood from rot. From 
the earliest historical times, man employed coatings of pitch or tar with 
this object. Ancient authors say that it was customary to preserve 
valuable wooden objects by applications of oils of olive, cedar, larch, 
and juniper. 

Herodotus, and then Pliny, have written very lengthily upon the art 
of extracting and preparing oils, resins, and tars. 

The perfection attained by the Egyptians in the preparation of their 
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mummies may also be called to mind ; these processes of preservation, 
the efficacy of which has been proved after several thousand years, 
were undoubtedly of great value. 

According to the examination which can be made of them at the 
present time, the bodies appear to have been impregnated with gums or 
odoriferous resins, or oils of cedar or bitumen, or perhaps also with marine 
salt. Herodotus and Diodorus Sicilus say that the bodies were first 
bathed in soda for more than two_ months, and then impregnated with 
oleaginous or bituminous preparations. But this simple preparation 
does not appear to explain the results obtained. It is generally be- 
lieved that the corpses were previously exposed to high temperature in 
an oven, thus to eliminate the water from them and facilitate the 
ulterior preparations. 

It is agreed that the organic matter of mummies did not become 
imputrefiable by the fact of a chemical modification of its substance, 
but simply by the presence of antiseptics. 

But it may at once be said that a coating impermeable to dampness 
will probably never prevent the wood from rotting on the interior, if 
the fibre is damp and already attacked by mouldiness, and this crust 
under which the woody matter will have been mummified is only an 
imperfect preservative, for the slightest accident which removes a part 
of the protective covering will allow the enemy to penetrate even to 
the heart of the timber, and the evil will from that time be more grave 
because it will be invisible. 

It is therefore evident that by impregnating the woody fibres them- 
selves with a substance capable of removing the principal causes of 
alteration which threaten them, that one can, in a sure and efficacious 
manner, succeed in preserving the timber. 

This truth, which to-day is incontestable, was recognised in the 
middle of the last century, for Eeed (in 1740) and Hales (in 1756) 
proposed the immersion of the wood in a solution of - tar so as to pro- 
long the durability of it. Since 1719 Pallas had already advised the 
mineralising of the wood, in causing it to be macerated in a solution 
of sulphate of iron, then plunging it in lime-water to precipitate the 
salt and to form in the woody fibres an insoluble sulphate of lime. 

Hales proved, by the action of the suction shown by the woody fibre, 
the penetrability by liquids by means of pressure. 

After him, Duhamel discovered that coloured liquids penetrate the 
vegetable by vital force. 

It may then be said that, from a scientific point of view, the problem 
relative to the penetration of liquids in the wood by the employment 
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of artificial force, the injection 'by pressure, has been solved by Hales' 
experiments, and that by the employment of natural force, vital suction, 
it has been solved by Duhamel's experiments. 

Later, Carney, having observed in the rock-salt mines of Dieuze that 
joists of fir impregnated with salt had remained in perfect condition for 
more than twenty-five years, concluded from this the possibility of pre- 
serving wood by the injection of sahne matters. 

In 1810 Cadet Gassicourt gave himself up to a thorough study 
as to the action of vegetable or metallic colours ; he proved that the 
curcuma gives to maple the appearance of a yellow satin wood, and that 
sulphate of cobalt gives to this same wood, by impregnating it, a very 
beautiful blue colour. 

In 1812 Baron Champy, having been charged with the building of 
powder magazines placed below the level of soil, hit upon the idea of 
covering internally the walls of powder-magazines with lead sheets fixed 
over the wood, but it became indispensable to place this timber safe 
from rot. 

To arrive at this, Champy plunged some green wood in a tallow bath 
at a temperature of 130°, the water of which, becoming vaporised by 
the heat, was replaced by the tallow, which was in this manner introduced 
into all the canals of the woody fibres. Success crowned this attempt, 
which the high price of tallow did not, however, admit of general 
adoption. 

Following Champy's attempts, Kyan proposed the injection of the 
corrosive sublimate — an antiseptic agent at once killing all the insects 
pre-existing in the wood and preventing all ulterior attack ; but this pro- 
cess was far too expensive to be used industrially ; it had, moreover, been 
pointed out by Homberg more than a century previously. 

The penetrating processes of to-day may be divided into three groups : 

(1) The processes by immersion. 

(2) The processes by pressure in closed vessels. 

(3) The processes based upon the displacement of the sap, and only 
applicable to green or uncleft timber. 

But before studying the details of these different processes, let us 
say a few words as to the purely physical means employed, namely, 
drying or desiccation and carbonisation. 



CHAPTER XVIII. 

DESICCATION— SUPEEFICIAL CAEBONISATION OF TIMBEE. 

DESICCATION. 

The desiccation of timber should be studied from two points of view : in 
the first place, from the point of view of advantages in its employment, 
and in the second, from the point of view of its preservation. 

If we consider timber in its employment, either as combustible or as 
building timber, it will be seen to be of the highest importance to use it 
in the dry state. 

Damp wood gives, equal weights being taken, far less heat than that 
which is dry, because water is evidently prejudicial to combustion, and 
requires a great quantity of heat to pass to a vaporous state. 

The drier the timber, the more caloric an equal weight of it will 
evolve. 

In a green wood and that which is gorged with sap, a notable portion 
of caloric employed to vaporise the humidity of the wood is thus dissi- 
pated in pure loss. 

Hartig found that beech trunk wood, aged eighty years, freed from 
sap, perfectly dry, gave, when burned, a quantity of heat represented by 
1557, whilst the same wood burned green only gave a quantity of heat 
represented by 1226, or a little more than two-thirds of the dry wood. 

When the wood has been strongly dried and exposed to the air in 
ordinary circumstances, it takes about 5 per cent, of water during the 
first three days, and it continues to absorb it until it absorbs about 15 
per cent, of it. It then becomes very hygrometrical, and loses or absorbs 
water according to the state of dryness or humidity of the air. 

M. Violette having submitted the principal varieties of timber to 
desiccation at 150° C, found the following results: — 
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Weight of Timber. 




Nature of Timber. 




Loss per cent. 


Before Desiccation. 


After Desiccation. 


Agaric willow 


52-36 


49-20 


21-32 


Ailanthus (varnisti of Japan) 


112-07 


78-60 


29-91 


Alder .... 


98-58 


84-01 


14-90 


Apple-tree . 


169-85 


147-00 


13-99 


Ash . . 


155-70 


129-20 


17-39 


Aspen 


105-10 


91-50 


12-94 


Barberry-tree ..... 


98-09 


66-50 


28-57 


Birch 


112-73 


70-80 


37-20 


Black alder 


125-13 


108-00 


13-69 


Bladder-nut-tree 


65-76 


54-50 


17-12 


Boon 


56-38 


51-50 


14-23 


Box . 


82-00 


71-70 


12-56 


Broom 


73-99 


63-00 


14-85 


-Catalpa 


68-63 


51-70 


24-67 


Cherry-tree . . ... 


188-63 


121-00 


35-85 


Chestnut 


61-48 


40-20 


34-61 


Clematis 


88-65 


43-00 


51-50 


Common acacia . 


100-96 


67-90 


32-31 


Cork .- 


26-52 


25-00 


5-75 


Cotton-tree ... . . 


30-70 


27-80 


9-44 


Cotton-tree. ... 


91-30 


77-50 


15-12 


Currant-tree 


90-83 


68-70 


24-36 


Cytisus . . . 


66-80 


47-20 


29-33 


Dog-berry-tree 


164-41 


90-50 


43-80 


Ebony 


154-29 


141-20 


8-39 


Eglantine 


112-06 


82-50 


26-38 


Elder 


197-29 


141-50 


28-02 


Elm .... . . 


134-27 


122-50 


9-13 


Eiirze ... . . 


122-58 


95-50 


22-86 


Hawthorn . . . . 


167-40 


111-50 


27-88 


Hazel-tree . . ... 


106-78 


75-60 


29-20 


Holly. . . ■ . 


181-35 


113-00 


37-69 


Honeysuckle ... 


87-01 


51-40 


14-93 


Horse-chestnut-tree 


116-16 


62-20 


46-45 


Iron .... . . 


94-62 


81-60 


13-76 


Ivy 


82-06 


61-00 


25-67 


Jumper . .... 


110-33 


67-30 


39-00 


Larch ... 


132-33 


95-50 


27-83 


Letter ... 


91-17 


77-50 


15-00 


Lignum vitse 


309-54 


278-50 


10-03 


Lilac .... 


94-42 


60-60 


35-82 


Lime 


127-94 


70-00 


45-31 


Mahogany 


115-25 


98-00 


8-80 


Maple .... 


122-68 


94-00 


22-72 


Maritime pine 


89-48 


47-00 


47-47 


Medlar-tree 


44-04 


38-00 


16-16 


Oak 


151-30 


125-00 


15-40 


Palm-tree 


92-05 


79-50 


13-63 


Pear-tree 


147-26 


114-80 


22-47 


Plane ... 


128-33 


108-00 


13-82 


Plum-tree . 


250-50 


182-00 


27-34 


Poplar (trunk) 


47-11 


25-70 


45-45 


Poplar (root) . ... 


34-94 


22-00 


37-00 


Poplar (leaves) . 


24-20 


10-50 


56-61 


Priokwood .... 


86-89 


56-00 


35-55 


Privet . . . . 


44-19 


37-60 


15-15 


Rush 


14-67 


13-00 


11-39 


Satinay 


83-08 


74-00 


10-93 


Service-tree 


148-11 


68-40 


51-91 


Snowball 


117-93 


95-20 


19-27 


Straw of corn 


66-83 


58-20 


13-13 


Sycamore ... . . 


135-04 


84-40 


37-50 


Sylvester pine 


69-20 


37-30 


46-10 
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Nature of Timber. 


Weight of Timber. 


Loss per cent. 








Before Desiccation. 


After Desiccation. 




Thuja. ... 


72-76 


50-70 


29-11 


Vine . 


113-65 


78-00 


31-22 


Wild cherry-tree ... 


118-15 


96-00 


18-75 


Wild quince-tree 


104-54 


70-00 


33-04 


Willow ... 


95-91 


81-50 


15-03 


Yew ... 


194-14 


175-20 


9-75 


Yoke-elm .... 


125-21 


104-50 


16-54 



The employment of dry timber presents so great an advantage that, 
in a large number of works, not only is the timber required to be as 
dry as it can become by desiccation in the air, but it is also dried in 
drying-stoves. 

In the forges of Lippitzbach, upon the Lower Drave, in Carinthia, 
timber is dried by burning a part of this combustible in a special 
building, of which Fig. 151 represents a longitudinal cutting, and which 
is composed of a rectangular masonry chamber 8-50 m. by 5-50 m., 
having for upper wall a vault whose top rises to 4-40 m. above the soil. 
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Fig. 151. 



This chamber is divided into two storeys by a horizontal frame ; 
the upper compartment receives the charge of wood to be dried. In the 
lower compartment the agent of this conversion is prepared, that is to 
say, a current of burnt gas carried at a moderate temperature, insufficient 
to promote carbonisation. 

The frame forming the separation of the two compartments is com- 
posed merely of beams, fastened at their ends in the walls of the chamber, 
and of small mobile beams placed transversely upon the first, the 
separation of which is regulated according to the dimensions of logs of 
wood. 
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The wood is charged in the oven, partly by two lateral doors, the 
floor of which is level with the frame, and partly by three orifices made 
in the vault. To facilitate the circulation of the warm gases in the 
centre of the mass to be dried, more spaces are reserved there than 
there exists in the corded wood; thus, only 100 to 110 steres of wood 
are put in the oven in question, that is to say, about four -fifths of the 
space is filled. The proportion of available space filled, which is about 
0'67 m. in corded wood, is therefore found reduced in this charge to 
0-56 m. 

Fire-grates, which partly constitute the lower compartment of the 
chamber, provide the current of warm gases necessary to the preparation 
of dry wood. They are each composed of a vaulted passage 0"50 m. 
broad, and 0'70 m. high, occupying in length the whole width of the 
chamber. 

The combustible, which is partly composed of shavings and dilris 
accruing from the splitting of the wood, is charged upon two ranges of 
bricks serving as andirons, upon a space of about 6 J ft., through a door of 
sheet-iron, underneath which there is constantly a strong current of air. 

The excess flame and air are at first carried, over the sole, 
towards the posterior extremity of the grate ; thence they come back 
inversely licking the vaulting, and they are usually found converted, 
by their mutual reaction, into burned gases when they return to the part 
of the grate contiguous to the door of the furnace. In this passage 
these gases yield at first a part of their heat to the walls of the grate 
by radiation ; they become cold agajn by becoming intermingled with 
the affluent air entering through the interstices of the door before exit- 
ing by numerous side-holes in the lower compartment of the chamber. 
Here the temperature of the burnt gases undergoes considerable lowering, 
as a consequence of the radiation exercised over the mass in the higher 
chamber. 

However, by reason of the high temperature which they preserve, 
these gases rise in the portion of the woody mass situated above the 
stoves of the grate, and contiguous to the wall of the chamber where 
the walls of the furnace are made. Thence the gases proceed, by way 
of the vault, towards the opposite wall of the chamber. More or less 
cooled by contact of the wood and by the absorption of water vapour, 
the gases afterwards come down along the wall, touch the ground of the 
lower compartment of the chamber under the levels of the side-holes of 
the grate, and at last pass outside through six orifices, having a hole 
of about 14 square decimetres, with a temperature gradually rising, as 
the operation advances, from 30° to 90° C. 
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The time necessary for the evaporation of a charge varies according 
to the hygrometric condition of the wood, and according to the tempera- 
ture of the atmosphere. In summer the furnace may be kept up from 
two to three days ; in winter for six days. 




Fio. 162. 




Fig. 153. 



When it is seen, on the appearance of the gases, that they are no 
longer charged with water vapour, the heating is stopped, the lateral 
doors are opened, and the orifices made in the vault. The walls of the 
chamber are thus cooled, as well as the wood, and unloading is after- 
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wards proceeded with. The consumption of wood varies with the dura- 
tion of the operation ; on an average, it is estimated at 3 3 per cent, of 
the wood dried. 

The temperature of the wood must not exceed 170° C. ; higher than 
this it will ignite. 

In order to lower at this point the temperature of the gases coming 
out of the grate, three different means are employed : 

(1) Shavings containing often more than 50 per cent, of water are 
burned in the grate. 

(2) A large excess of air can be admitted into the grate. 

(3) The gases are made to stay in the empty space forming the 
inferior compartment, where they are cooled. 




Fig. 154. 




Fig. 155. 

When it is a question of building wood or that used in joinery, dry- 
ness is also a desideratum ; these different timbers need to be conveni- 
ently dried, so as to avoid the contraction which occurs in their fibres 
when they still preserve in their pores a certain quantity of sap. 

To attain good desiccation, the timber may be carefully stoved, the 
arrangements for this varying according to the descriptions of wood 
submitted to desiccation. 

At the Graffenstaden works the system of drying-stoves represented 
in Figs. 152, 153, 154, and 155 has been used for a long time, and has 
given excellent results. 

Fig. 152 is a transverse section of the stove. 

Fig. 153 is a general plan. 

Figs. 154 and 155 are transverse and longitudinal sections. 

The stoves and drying chambers are of trapezoidal form. The 
apparatus comprises six stoving chambers, like MM' heated by seven 
grates and forming two blocks of buildings separated by a passage. The 
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figures only show one of the buildings containing four well-closed 
chambers, and which close iron doors N. 

The upper part of these doors is of glass ; through this the progress 
of desiccation of the wood can therefore easily be watched. 

A special furnace heats each chamber. 

The chambers in the middle of M'M' are smaller than the others 
MM, with which they communicate by doors PP. 

Chimneys R allow the disengaged vapours to flow into the atmo- 
sphere. 

The grates are prolonged by long horizontal vent-holes S, which 
end at chimneys T, which permits of the heat of the combustion 
products being very well utilised. Above these vent-holes, cross-pieces V 
are mounted, which receive the wood submitted to stoving and drying. 
This timber is conveyed to the oven on small waggons, then piled up on 
the cross-pieces. 

The stay in the stove varies from ten to twenty days, according to 
dimensions. 

The following are the temperatures at which one usually stops : — 
40° for oak and 50° for fir. 

When it is a question of timber destined for special manufactures, 
like that of pianos, for example, special precautions must be taken, and 
these will be pointed out. 

The wood employed in this manufacture is ordinarily — oah, which 
plays the principal part in the construction of the case ; fir, which con- 
stitutes the harrier and gives resistance to the case ; heech and lime 
also fill an important part, one for the making of the wrest-plank, the 
other for the keyboard ; the pear and maple are employed for the pieces 
constituting the mechanism ; and exotic wood serves as a decoration of 
the instrument. 

The united tensions of the cords of a grand piano being able to 
rise to more than 13,000 kilogs., it will be conceived what resistance 
the case should present, which can only be partially consolidated by 
iron-work. 

Consequently it is that which takes the largest consumption of 
wood ; it is also that the most completely dried wood, since the pre- 
servation of the tensions of the cords, and consequently that of the 
harmonic qualities of the wood, depend upon the permanence of the 
form and dimensions of the case. 

One must therefore, in piano-making, apply methodical desiccation 
processes, capable of assuring a timely supply of the wood necessary to 
the work. The succession of the operations is the following : — 
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Planks of oak, fir, and lime, which alone stand exposure to air, are 
piled up regularly, so as to assure circulation of the air, and left in 
the open for from one to four years, according to the thickness, with the 
sole precaution of covering each pile with a kind of deal roof. 

At the end of this time the piles are taken down according to the 
order of their construction ; and the timber is transported in large 
storey-sheds, open at their lateral surfaces, and arranged so as to permit 
of the constant circulation of air. 

Planks of pear-trees, beech, and maple, and exotic timber are, on the 
other hand, placed immediately under these sheds. 

After a sojourn varying from one to three years, according to thick- 
ness, and when the timber has thus undergone by the simple action of 
the air at the surrounding temperature, a first and slow desiccation, the 
wood is transported to special drying appliances, where desiccation is 
continued by the action of warm air. 

These drying apparatuses are constituted by a large brick building, 
provided with a storey and divided by a longitudinal partition, in two long 
chambers, which only communicate through them at one of their ends. 

In each of these chambers, at the end opposite to this communicating 
passage, a ventilating mouth working by exhaustion and a caloriferous 
one are installed. These mouths are arranged so as to produce at will, 
at each extremity, either a draught of air or an introduction of warm air. 

Two different orifices are always opened in each of the two con- 
tiguous chambers — namely, the ventilator in one and the hot-air stove in 
the other, or vice versd. 

The warm air, thus introduced into one of the chambers, is therefore, 
in consequence of the disposition of the partitions, obliged to go 
through the whole length of this chamber to get to the communicating 
passage with the neighbouring chamber, then to again run through the 
latter before finding an issue at the other end. 

The two contiguous chambers are therefore thus formed, as a matter 
of fact, as one and the same passage of double length, being traversed 
alternately, in one direction or the other, by a current of warm air. 

The timber is piled up in the centre of each chamber in such a 
manner as to procure as much access as possible to the air upon its 
surfaces ; the piles leave between them and the passages only small 
passages, and large sheet-iron panels forming doors with the chinks 
stopped up, permitting of closing so as to compel the warm air to 
traverse the piles of timber themselves. 

The air thus travels from one chamber into the other, in becoming 
charged with the dampness which it carries away from the wood. Those 
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chambers nearest the air-holes are naturally dried, in this manner, far 
more quickly than those which are placed at the other end of the heating 
apparatus. If they are then replaced by new non-dried pieces, leaving 
the current of air flowing in the same direction, it will be seen that 
this current of air will carry the humidity which it receives from this 
wood over the piles already dried. But in then reversing the current, 
this inconvenience will be avoided. 

The piles are moreover rehandled periodically to examine the con- 
dition of the wood, and these rehandlings are taken advantage of to 
reconstruct them in different ways, so as to allow space to be provided 
for the new arrivals which will best suit the regular carrying out of the 
operations. 

The timber remains from three to six months in these drying 
apparatuses, the temperature of the air introduced varying from 25° to 
30° C, according to season. The wood is thus brought to a state of 
perfect desiccation. 

The wood thus dried is, upon coming out of the stove, preserved in 
closed magazines, where (classed according to variety and production) it 
is stocked until use. 

One can also, when unforeseen circumstances demand it, employ a 
more rapid method of desiccation. In this special case the wood is, 
after the first cutting, placed in piles in special stoves, where they are 
submitted to the action of a current of warm and damp gas arising 
through the imperfect combustion of wood. 

These stoves, generally two in number, are installed near furnaces 
in which combustion is efi'ected, and each one is placed in communication 
by a special conduit with the corresponding grate. The doors of the 
furnaces are kept almost constantly closed, so as to avoid the flames 
projecting and to determine the true distillation of the wood, which 
serves to feed the grates. 

Desiccation, therefore, in this place takes place by the direct action 
of the smoke of complex composition which accrues from the imperfect 
combustion of the wood ; this smoke deposits on the pieces of wood 
foreign bodies, which colour them brown, at the same time carrying off 
with it the dampness which they contain. 

The vapour which is formed, by softening the fibres of the wood, 
contributes towards facilitating the departure of the sap, and it is to this 
effect that this desiccation j)rocess owes the property it possesses of 
opposing the production of cracks which desiccation carried out in dry 
and warm air would infallibly provoke without that. 

Wood submitted to this current of gas, the average temperature of 
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which is maintained between 35° and 40°, is dried rather quickly, the 
operation generally being finished at the end of less than two months. 

An apparatus introduced into industrial practice under the name of 
aero condenser is show in Fig. 156, and appears to give good results in 
the mechanical drying of timber. 

As is seen, the principal device is a screw ventilator, causing a strong 
current of air to pass over a group of vertical tubes which, on the 
interior, are traversed by a current of vapour. For that, the waste steam 
of the works is employed. It penetrates through the top into the 
tubular group, is condensed under the action of the current of air, 
warming it by~ abandoning its latent heat. At the bottom of the 
aero condenser the steam is condensed in the condition of distilled 
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water. A powerful current of warm air therefore emanates from the 
apparatus, and this air is afterwards directed over driers, where it should 
be utilised. 

If, now, it is desired to consider the desiccation of timber from the 
point of view of preservation pure and simple, it will be seen that it is, 
with plunging into the sand or water, the most ancient physical means 
of preservation employed. 

This process has always been recommended from the earliest time 
for shipbuilding timber, though the results obtained were always very 
incomplete. 

Artificial desiccation by fire or vapour was, at the beginning of the 
eighteenth century, employed in England and America for the pre- 
servation of shipbuilding timber, but did not give good results. This 
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process undoubtedly dries the timber more efficaciously in a few hours 
than would the exposing of it in the air for several months, but it 
often changes the quality of the timber. It makes it in all cases very 
hygrometrical, and highly liable to swell or crack. The stoving of 
certain ship timbers is, however, still done, but only when it is necessary 
to bend the wood. 

It is not the same with carbonisation, which will now be dealt with, 
and which constitutes a good process of preservation. 

CARBONISATION. 

Since the earliest times it has been known that carbonisation 
is one of the best known means for the preservation of timber. The 
mode of preparation permits, moreover, of the preservation of certain 
woods which are with difficulty injectable. 

To preserve the stakes or posts^which are forced into the ground, 
the part which is to be buried is carbonised, and it has often been 
proved that this portion remains intact for a long time after the exterior 
portion has undergone the effects of putrefaction. 

In the demolitions of the Flora Pavilion, at the Tuileries, foundations 
of carbonised stakes nearly three centuries old have been withdrawn 
which were well preserved. 

At the Cherbourg Arsenal long and minute experiments have been 
made, as a result of which the Marine Administration has decided that 
the hulls of all wooden ships should be carbonised. Similar experi- 
ments have been carried out in England, and have given the same good 
results. 

In general, the process of superficial carbonisation consists in flaming, 
with the aid of a gas blowpipe, the whole surface of the wood submitted 
to the operation. 

Three principal effects are produced in this case : 

(1) The surfaces which are still very damp are promptly dried in 
consequence of the almost instantaneous evaporation of the superficial 
hygroscopic water. 

(2) The putrescible organic matters, as well as the microscopical 
organisms, animalcuhe, and cryptogamic plants, experience torrefaction 
and even partial combustion, which destroys all vitality and every 
tendency to fermentation. , 

(3) The woody tissue itself, at this high temperature, to 2 or 
3 tenths of a millimetre in depth, is partially distilled ; it frees the 
ordinary products of the distillation of the wood, notably acetic acid, 
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creosote, different carbides of hydrogen — in a word, the tarry matters 
endowed with most energetic antiseptic properties. 

Thus, with the same blow the ferments and putrid organic matters 
are destroyed, and the woody tissue is impregnated with tarry products — 
antiseptics competing energetically in its preservation. 

Carbonisation is therefore a powerful means of preservation of certain 
timber. Never will be seen, upon wood covered with a carbonised 
layer, mouldiness or fungi develop themselves, which are always the 
forerunners of fermentation. The only difficulty is in applying this 
process to pieces or collections of worked wood, without altering the 
shape or volume of it. This difficulty has been successfully surmounted 
by M. de Lapparent. 

The principle of the apparatus employed by this engineer lies in the 
use of the gas blowpipe. 

This blowpipe is composed of a copper nozzle, formed of two pipes 
soldered together. By the large pipe the gas arrives, by means of a 
caoutchouc tube, which is connected with a gas supply. It is necessary 
that the orifice through which the gas goes out should be sufficient to 
feed thirty jets. 

The small lateral pipe, which, at the end of the nozzle, penetrates 
into the large pipe, and comes out in the centre of the sphere forming the 
end of the nozzle, leads from the air furnished by pedal bellows, which the 
operator causes to work. The end of this lateral pipe is united to the 
orifice by which the air comes out of the bellows, by means of a caoutchouc 
tube. The large pipe is supplied with a cock, which is opened to allow 
the gas to arrive. The bellows are at once made to work, and the 
enflamed gas-jet reaches great intensity. It then suffices to bring the 
jet of the blowpipe over the wood which it is desired to carbonise. As 
soon as the timber is highly blackened, carbonisation is sufficient ; the 
carbonised layer must not be more than half a millimetre thick. 

It is not the pulverulent part which is at the surface which prevents 
rot. If the carbonised timber is rubbed with a brush, the charcoal 
powder disappears; a brownish surface remains, which alone prevents 
putrefaction. 

It is seen that the result of this operation is, Whilst carbonising the 
surface, to burn all the spores and to transform the exterior layer into 
a hard, black, horny matter, impregnated with creosote and tar, which 
prevents all vegetation. 

This preservative abtion, produced by superficial carbonisation, has 
been verified in several ways. Pegs forced in the ground near some 
^water and withdrawn after eighteen years, are found to be in such a good 
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condition that it is only with difficulty that the point of the knife will 
penetrate into it ; whilst a year's stay in damp ground of a non-carbonised 
post is sufficient to determine on the surface a rot several millimetres deep. 

A satisfactory proof of this was given more than a century ago, when 
it was desired to introduce the system of superficial carbonisation into 
English marine arsenals. The Royal William was partly prepared in 
this manner, and it has been proved that this was one of the vessels of 
the British Navy which had the longest existence. However, the practice 
of the carbonisation of ships was not then generalised, nor even main- 
tained, for the means employed to apply it were then too costly, and 
there was too great danger of fire for it to be employed advantageously. 

The means of preserving economically the harder and less changeable 
timber should evidently apply advantageously to carpenters' work, as to a 
crowd of other pieces of wood exposed to the destructive reactions favoured 
by more or less damp and warm air. Improved methods have always 
been sought of rendering the flaming of the wood more easy and 
economical, and the attempt has been made to replace lighting gas by 
another combustible. The problem has been solved by the aid of two 
distinct processes, based one on the employment of heavy oil of rectified 
tar, and the other upon the production of a long flame, by burning in 
quite special conditions dry pit-coal or even coke, which as a rule only 
develops radiant heat. 

It is known that 1000 kilogs. of liquid coal tar, a by-product 
from the gasworks, free from ammoniacal water, produce on an average, 
by means of careful distillation, 30 kilogs. of benzine and 160 kilogs. of 
heavy oil, generally utilised in an incomplete manner. This oil is 
usually of minimum value, and the heat or light obtainable from it costs 
barely a quarter of that resulting from the use of ordinary gas. It is, 
however, difficult to burn this oil, which usually develops a fuliginous 
flame. 

This difficulty can be overcome by constructing a lamp analogous to 
that of enamellers, but in which a plaited, cylindrical wick, supported 
■horizontally by a metallic tube, is constantly fed with oil, by means of a 
large cotton wick, with free and parallel shoots, which surrounds it, and 
the two ends of which are immersed in the oil, maintained at 5 or 10 
millimetres below the plaited wick. As soon as the latter, impregnated 
with oil, is lighted at the end merging from the lamp, the fuhginous 
flame which it begins to spread is soon completely burned by the aid of 
a current of forced air which a concentric tube brings to the cylindrical 
tube supporting the wick. 

A blowpipe flame is obtained in this manner which is regulated at 
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will, and which is directed over the pieces of wood to be torrefied. The 
latter, when voluminous and heavy, can easily be maintained upon 
supports, directed and revolved in front of the flame jet, so as to regularly 
torrefy their surface ; it is often sufficient — notably for stakes, posts, 
props, vine-props, etc. — to treat in this manner the whole portion 
which is to be beneath the surface of the ground, and a height of 
about 20 cms. above, in order to protect the part the water reaches 
by capillarity. 

The combustion of the heavy oil in the lamp mentioned is easier 
and more regular when it is mixed with an equal volume of petroleum, 
from the rectification of the rough product of Pennsylvania, freed from 
light and too inflammable hydrocarburets. 

The flaming- process, applied to carved and figured joinery and 
carriage wood, is not objected to for painting ; in this case it is sufficient 
to remove by energetic brushing the light pulverulent charcoal layer 
before painting these surfaces. 

The second economical process already referred to is due to M. 
Hugon. 

The apparatus of this inventor is composed — 

(1) Of a furnace containing the combustible ; 

(2) Of a movable column carrying the furnace and serving to make 
it move vertically or horizontally, according to requirements, by means 
of a mobile chariot placed on a table ; 

(3) Of a platform carrying the furnace ; 

(4) Of a double- draught bellows fixed to the furnace by a caoutchouc 
pipe; 

(5) Of a reservoir of water or liquid to be injected ; 

(6) Of cocks serving to regulate the quantity of water to inject into 
the furnace at each blast of wind ; 

(7) Of a wooden bench which supports the wood to be carbonised. 

The method of working this apparatus is easy. It is com- 
menced by filling with water the cavity through which the caoutchouc 
tube brings the air from the bellows. The water has for its object the 
protecting of the caoutchouc tube, which might get burned by the high 
temperature of the furnace. The stove is lighted with old wood, leaving 
the lower part of the front door open; when the wood is alight the 
lower door is closed ; the bellows are luted with loam and set to work ; 
the combustible is afterwards charged by the upper orifice and in small 
quantities until the furnace is full. The combustible being well alight, 
the door of the upper orifice is closed and the flame emanates from the 
curved tube placed in front of the furnace. 
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It is this flame, actuated constantly and regulated by the bellows, 
which is projected over the timber, and which operates the carbonisation 
of it in a rapid manner. 

When the furnace is in progress, the injection of the water is 
regulated by means of cocks; this water^ carried away. by the air issuing 
from the bellows, is decomposed in contact with the incandescent com- 
bustible. The combustible gases arising, from the decomposition, in 
combining with the oxygen of the air coming out of the furnace, unite 
with the flame produced by the combustible, and thus increase, in a 
rather marked manner, its carbonising action. When the flame gets 
feeble, the burnt combustible is replaced in small quantities. 

This system of preserving timber, which for a long time has rendered 
good service, is far from being perfect. It is very defective for railway 
sleepers. These latter, indeed, when submitted to superficial carbonisa- 
tion, sometimes crack even to the middle, on account of the great 
inequality of the temperature. It therefore results that roads con>- 
structed of these sleepers present grave defects. Dampness penetrates 
into the cracks, rapidly destroying the centre, which has not been 
carbonised. The carbonised surface of the traverses is without 
resistance ; it is so thin that it promptly disappears in fixing the 
chairs. 

Eailway companies have gradually abandoned this process for the 
preparation of their sleepers. It will be seen further on what pro- 
cess is actually in use in this department of railway work. 



CHAPTER XIX. 

PROCESSES BY IMMEESION— GENERALITIES AS TO 
ANTISEPTICS EMPLOYED. 

The problem of the preservation of timber as we have stated it, requires 
at once the solution of two principal difficulties. First, it is a question 
of finding a chemical substance whose preservative, that is to say anti- 
septic, properties are completely efficacious ; secondly-, of ascertaining 
a practical and certain means of making it penetrate into the wood to 
be preserved. 

The nitrogenised matters contaiaed in wood are submitted to numerous 
causes of alteration. Under the influence of water, oxygen, and air 
favoured with a certain temperature, the woody matter can also give 
birth to ferments which, whilst developing at its expense, attack the 
cellulose and transform it into water and carbonic acid; these reactions, 
by forcing a portion of the elements of the wood to enter into new 
combinations, necessarily modify all its physical properties. 

This transformation of the constituent parts of wood can be produced 
under different and well characterised aspects. 

Sometimes the nascent carbonic acid produced in abundance by the 
slow combustion of the wood, favours the development of numerous 
kinds of fungi which, being nourished upon the elementary constituents 
of the wood, quickly produce its complete ruin ; sometimes fermentation 
developed in the internal canals of the wood, and favoured by damp, 
destroys the fibres and causes ravages, the more dreaded as they are 
hidden and unexpected. 

Whether the theory of the germs already dealt with be adopted, or 
not, it is none the less true that the existence of the nitrogenised niattef 
in the cells of the vegetable tissue is still for it a cause of ruin, by 
attracting a crowd of xylophage insects, which it nourishes, and which 
■in searching it in the cavities of the wood, perforate it in every direction, 
often destroying with incredible promptitude. / 

The fermentation of the nitrogenised matter contained in the wood is 

3-26 
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the principal cause of its ruin ; it must therefore be endeavoured to 
remove this nitrogenised matter from the wood, or to remove all the 
circumstances without which there is no possible fermentation, such as 
the presence of air and water or, at least, to act directly on the nitrogen- 
ised matter to make it enter into fixed combinations which are not liable 
to ferment. 

One of the principal physical means — desiccation or carbonisation — 
has already been mentioned, whose object is the arriving at the realisation 
of the first desideratum. 

The second means — immersion — may be a purely physical means or 
else a physical action accompanied by chemical reaction. 

As for the third desideratum to be realised — the fixation of the nitro- 
genised matter in an insoluble and imputrescible combination — the 
employment of several substances has been attempted to arrive at this, 
amongst which may be cited — 

' Corrosive sublimate ; 

Chloride of zinc ; 

Sulphates of iron, copper, zinc, lime, magnesia, baryta, and alumina ; 

Borax and salts of soda ; and 

Arsenious acid, iron pyrolignite, and heavy coal oils. 

IMMERSION PROCESSES. 

The immersion of timber, when it has for its object only a simple 
physical action, may consist, for example, in plunging the pieces to be 
protected in a bed of sand. 

The plunging of shipbuilding timber into sand, in order to avoid 
inclemencies of the temperature, was used ,in 1836 in several of 
the French military ports. 

As for immersion in soft water, this modus operandi was in favour 
in England towards the end of the seventeenth century. 

Immersion in sea-water naturally gave the best results. 

In 1819 the Maritime Council ordered the. plunging into sea- water of 
the pieces of wood -intended for shipbuilding. Opinion was, however, 
divided, immersion certainly got rid of a part of the vegetable essences, 
replacing them by saline particles; but it is said that these latter, 
attracting afterwards the dampness of the atmosphere, provoked, rather 
than prevented, putrefaction. 

Even now, however, ship timbers are often kept in stock in sea- 
water, or are buried in the damp sand of the littoral which preserves 
them from the attack of marine organisms. 
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John Griffith, in his Shipbuilding Manual, informs us that what was 
best known, forty years ago, for the preservation of the oak timbers 
was the immersing of them in fresh flowing water or in stagnant 
salt water for five to six months ; then placing them in the air, 
sheltered against sun and rain, and leaving them there about the 
same time. 

To continue, it would appear that the immersed wood only discharges 
itself very slowly of a portion of the soluble matters which it contains, 
and that it is only the exterior layers which are deprived of them. 
Immersion, in these conditions, would therefore have no other certain 
effect than that of keeping the wood safe from contact with the air. 

A preferable method would be that which would consist in causing 
the desiccation of the felled timber to precede by partial immersion in 
water, in order to remove a part of their sap, which would replace the 
exhausted water by capillarity, for they would thus be rendered less 
subject to cracking and rottenness. 

The chemical means which were only employed in the second place, 
for wood preservation, but which date to a rather remote period, consist 
in applications of different coatings, and, as already said, in the penetra- 
tion of different antiseptic substances. 

The various fatty or resinous coatings with which the surface of the 
wood is covered have as their object preventing contact of the air, which 
is the most active agent of destruction, 

Pliny mentioned different oils applied to the surface of the wood to 
guarantee it against the action of air and dampness. 

It has been known for a long tirae that tar is a rather good pre- 
servative coating for marine purposes, where it acts for covering the wood, 
thus guarding against the destructive action of water. 

For the better preservation of marine timber, it was suggested at 
Dunkirk to give it a coating of warm gelatine, and to tan this gelatine 
by the application of a concentrated solution of tannin, which rendered it 
insoluble. This is the preparation to which fishing-nets and the sails 
and ropes of the navy are still subjected. 

The different antiseptic substances which have been found for pene- 
trating into the wood aim either at expelling, as completely as possible, 
the sappy essence, which is the principal cause of their alteration, and in 
taking its place, from preserving them from all decomposition ; or of 
merely driving the aqueous portion of the sap, from the wood, and, by 
combining with the nitrogenised matter thus concentrated, of forming 
with this fixed and insoluble compounds, in which the vegetable essences 
are no longer susceptible of being attacked by dampness and, con- 
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sequently, can no longer give place to fermentation — the first and 
essential condition of rot. 



GENERALITIES AS TO THE ANTISEPTICS EMPLOYED. 

The nature of the antiseptic substances employed and the means of 
causing them to penetrate through woody masses have varied greatly. 

The principal matters successively used are metallic salts, then 
vegetable and mineral oils. 

Amongst the metallic salts, those of mercury and zinc were largely 
employed in England; those of iron and copper were more specially 
made use of in France. 

Corrosive sublimate, or protochloride of mercury, served for a long 
time in the preservation of anatomical subjects, as well as in the embalm- 
ing of bodies, to which it gives great durability, when Kyan thought, in 
1832, of applying it to the preservation of wood. This salt was at first 
employed, in the proportion of 1 of salt to 40 of water, in preserving 
timber destined for special and even naval constructions. All experi- 
ments were favourable to it, and in spite of the property which the 
mercury possesses of separating itself from most of these combinations, 
it would appear that this timber had no untoward influence over the 
health. Unfortunately, the price of corrosive sublimate being very high, 
it was attempted to preserve the railway sleepers by employing a much 
more dilute solution, and the process fell through. 

The sulphate and chloride of zinc were afterwards applied upon a 
large scale, especially in England. 

The chloride of zinc is a very powerful antiseptic, but it has the 
drawback of being very soluble in water. The duration that it can give 
to sleepers of fir properly prepared is estimated at about ten years. 
In this case it is necessary that it should be employed in the proportion 
of at least 1 of salt to 40 of water, and that the quantity of salt injected 
into the wood should be at least 2 kilogs. per cubic metre. 



' ' ~" ..-,;. JJjjpLOYMENT OF SALTS OF IrON. 

Sulphate- of iron must usually be rejected. It decomposes upon 
becoming oxidis.ed ; a portion of the sulphuric acid is put in liberty 
and destroys the cohesion of the wood ; it is, however, necessary to 
except the tanniferous varieties — the oak, for example — for then we are 
in presence of a preservation process which has given rather good results, 
and which is based upon the action of salts of iron. 
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M. Hatzfeld, indeed, after M. Boucherie, proposed the impregnation of 
timber by means of tannic acids, followed by an injection of pyrolignite 
of iron. The tannate of iron is therefore deposited by degrees in the 
cells, which then renders them assimilable to oak buried for many 
years, and become quite unalterable. 

The liquid to be injected is a mixture in water of. a tanniferous sub- 
stance and of a salt of protoxyde of iron. 

The tanniferous substance which it is most advantageous to employ 
is the chestnut extract ; it is found in large quantities in commerce at 
the moderate price of 5d. per kilog. 

The most convenient salt of iron is pyrolignite, which at the standard 
of 20° Be., costs wholesale about 2^d. the litre. 

The dry chestnut extract contains on an average 60 per cent, pure 
tannic acid. As for the pyrolignite at 20° B4, it contains, per litre, 
6 6 ^rms. of iron. Tannate of iron contains 1 3 per cent, of iron. By 
the aid of these figures the economy of the process can easily be 
recognised. 

Employment of Chloeide of Manganese. 

This salt, a by-product in certain chemical works, had formerly 
very little value. To remove its excess of acid, it is neutralised with 
carbonate of lime, or with oxide of zinc. The double salt of 
manganese and of zinc, thus obtained, has very marked antiseptic pro- 
perties. In this preservation process, which is based upon simple 
immersion, the pieces of timber are plunged vertically into the metallic 
solution, so that about a quarter of the piece is bathed by the liquid. 
The timber remains plunged for a period varying from twelve to thirty 
hours. The solution rises through the fibres, penetrating them solely by 
capillarity, whilst horizontal immersion does not produce good results. 
Timber thus prepared becomes incombustible, and changes of tempera- 
ture no longer exercise any action over it. 

Employment of Sulphate of Lime. 

In this case the timber is previously dried in an oven in order to free 
it from the whole of its dampness and of a large part of the turpentine 
which it contains, when a resinous variety is treated. It is afterwards 
enclosed in cylinders of special form, in which a mixture of water, 
sulphuric acid, and lime is forced, under pressure, which penetrates into 
the pores of the wood. After this operation the wood is withdrawn 
from the cylinders, and, when dry, it is ready for use. 
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As a consequence of the action of sulphuric acid in excess upon the 
lime, soluble bisulphate of lime is formed, which easily penetrates into 
the interior of the wood. Upon contact with the atmospheric air, the 
bisulphate appears, later, to become transformed into sulphate very 
slightly soluble, which can then no longer be removed, even when the 
wood is submerged. 

The treatment just pointed out diminishes the density of the timber 
treated. 

This very economical process may constitute a good palliative against 
dry or damp rot of the wood. 

Employment of Boeax. 

This process principally consists in the treatment of wood by a 
boiling solution of borax in water, which dissolves and easily carries away 
all substances susceptible of decomposing, without exercising any 
injurious action upon the woody fibre, which, on the other hand, becomes 
harder, impermeable to water, unattacked by worms, and almost incom- 
bustible. 

The following is the modus operandi : — A saturated solution of borax 
in water, in sufficient quantity to cover the wood, is prepared in a 
wooden or iron receptacle. The temperature is afterwards raised by the 
aid of steam up to ebullition, and it is maintained at this point for 
several hours, according to the porosity and thickness of the wood. This 
operation is afterwards repeated in a fresh concentrated solution of 
borax in water, but the wood is steeped for only half the time of the first 
immersion. 

The timber is afterwards withdrawn, and as soon as it is dry it can be 
employed. 

Employment of Sulphate of Copper. 

We will confine ourselves to giving here the chemical results to 
which the employment of this salt has led, without dealing with the 
apparatuses used, which will be described a little farther on. 

Important studies have been made by M. Eottier upon results fur- 
nished by the injection of timber by means of sulphate of copper. 

This author first established that the woody matter, impregnated with 
sulphate of copper, finishes by changing at the end of a longer or shorter 
period, which is easily explained by the disappearance of the small 
quantity of copper fixed upm the cellulose. 

Shavings impregnated with sulphate of copper, then washed in pure 
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water and afterwards dried, have been buried in vegetable earth kept 
damp by periodical watering with rainwater ; at the end of a certain time 
the quantity of the sulphate of copper diminishes, black spots are seen 
upon the shavings, and, finally, the wood rots. 

The causes under whose influence salts of copper are cleared from the 
wood are three in number — 

(1) The presence of iron ; 

(2) That of certain saline solutions ; 

(3) That of carbonic acid. 

Experiments made upon the shavings prepared with solutions of sul- 
phate of copper containing different quantities of sulphate of iron, have 
led to the following conclusions : — 

(1) Sulphate of iron has a certain antiseptic power much more feeble 
than that of sulphate of copper. 

(2) Wood prepared by the aid of solutions containing at the same 
time sulphate of iron and sulphate of copper are preserved under the 
ground for about the same time, unless the salts of iron are in 
considerable proportion. 

(3) There is no reason to prefer, for the preparation of wood, chem- 
ically pure sulphate of copper to the commercial sulphate. 

This last opinion appears to have been confirmed by the example of 
the wheel of the mines of St. Domingo. This wheel was found, when 
discovered, in a state of perfect preservation, although it had been im- 
mersed for fourteen centuries in water charged with sulphate of copper 
and sulphate of iron. 

A certain number of salts exert an injurious action upon timber 
impregnated with sulphate of copper. 

If shavings prepared, washed, and dried in a solution of chloride of 
calcium, carbonate of soda, or carbonate of potash are immersed, it will 
be observed that at the end of some time these solutions always contain a 
rather considerable quantity of sulphate of copper, the wood containing 
less and less of it. 

This fact shows that the preparation by sulphate of copper is not to be 
advised for timber to be employed in marine construction. 

The destruction of timber prepared with sulphate of copper may be 
explained in the same way, when it is buried under tunnels or in certain 
calcareous earths. 

Like certain salts, solutions of carbonic acid carry off from the wood 
the sulphate of copper that has been used to preserve it. It is suffi- 
cient, to prove this, to treat the impregnated shavings with the gaseous 
water. 
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In order to increase the proportion of metal fixed by the woody fibre, 
recourse must be had to other salts. It is in this manner that the 
employment of acetate of copper permits of fixing twice as much metal. 
Heating the prepared wood equally increases the proportion of copper. 

Certain organic bodies act, in regard to the salts of copper, like the 
mordants relatively to the colouring matters. Introduced into the woody 
fibre, they are fixed there, allowing it to absorb sometimes considerable 
quantities of copper ; the bodies giving the most remarkable results are 
indigo and cutch. 

The employment of cuproammoniacal salts permit of the easy intro- 
duction of a large quantity of copper into the wood. 

In taking the impregnated shavings through different processes and 
in causing them to rot, it is proved that the durability of the wood is the 
greater as the quantity of copper is the more considerable. 

Employment of Tar and its Derivatives. 

Since the year 1756 attempts have been made in England and 
America with the object of injecting or impregnating timber with 
vegetable tars or oils extracted from these tars. 

In 1836 Moll proposed saturating the timber in closed vessels, first 
with the vapour of coal-tar oils, and afterwards with these same oils liquid 
and warm. 

But the first really practical employment of .tar was realised by the 
Bethel apparatus, which will shortly be spoken of. To-day, when timber 
is prepared by the aid of heavy oils obtained by distillation of tar, it is 
said that the wood is submitted to creosote treatment. As a matter 
of fact, the product called creosote comes from the tar of wood, for the 
phenol oils of coal tar contain none of the elements of the true 
creosote. Their most important component, from a scientific point of 
view, is phenol or phenol acid (carbolic acid), the creosote of which 
contains ether derivatives. In ordinary language, phenol acid or phenol 
is confused with creosote. Thence is it that the denomination " creoso- 
tised " wood comes, which is applied to wood treated by phenol and its 
homologue extracts from pit-coal tar. 

For complete understanding of these processes of preservation, which 
are so important, it will be useful to give some details as to oils or 
products extracted from tar. 

Coal carbonised in a retort engenders the following products : — 
Gas for lighting, ammoniacal water, tar, and coke. 

Tar contains all the antiseptic substances of the coal. They can be 
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extracted from it by distillation. For that purpose the tar is heated in 
a large cast-iron retort, and tjie distillation is facilitated by a stream of 
vapour or by an imperfect vacuum. The components of tar are separated 
according to the order of their volatility, which is also that of their 
density; this latter increases with the temperature. 

This distillation produces light oils not so heavy as water, heavy oils 
denser than water, and lastly a solid residue, which is rosin. 

Light oils have no interest for our subject ; they are those which 
furnish trade with carbides, benzine, toluene, etc., from which are derived, 
by the intermediary of the amido compounds, the whole series of ■ mag- 
nificent colouring matters known under the denomination of aniline 
colours. 

Heavy oils are, as already said, lisually designated by the name 
creosote. They thus constitute a complex product, containing numerous 
substances whose physical and chemical properties are quite different. 

In the first applications the crude creosote was employed. 

It has since been recognised that thefe was great advantage in 
separating the active principles from it, which can easily be realised. 

For some years commercial consumption demands more and more the 
fluid and light creosotes. These latter are easier to inject, and leave the 
wood more fit, whiter, and not so dirty after the operation, especially 
during winter. The remarkable antiseptic power which recent research 
has recognised in phenic acid has greatly contributed towards confirming 
this opinion. 

Phenic acid, discovered in 1834 in coal tar, has rapidly acquired 
one of the most important places among the antiseptic agents used in 
medicine and surgery. This acid is one of the constituents of coal 
tar, and certainly one of the most useful. The efficacy of oils of tar 
can be measured by the quantity of phenic acid which they contain. 

These are, as a rule, the lightest portions of the heavy oil — that is 
to say, those distilling between 183° and 254° C. — which should be 
preferred. Fractions containing naphthaline and paranaphthaline, which 
pass at higher temperatures, would not, therefore, appear to have the 
same value, from the wood-preservation point of view. The proportion 
of phenic acid varies in oils of tar, from J to 6 per cent,, and even beyond. 

In the employment of creosote certain English companies require 
for their sleepers that the creosote should be of a density bordering 
upon 1-05, oscillating between the extreme limits 1'045 and 1-055; it 
should not leave at a temperature of 4° any deposit of naphthaline or 
paranaphthaline ; it should contain at least 5 per cent, of phenic acid, 
or some other homologous acid. Finally, 90 per cent, of the oil should 
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have distilled over at a temperature under 333°. It often happens 
that the proportion of phenic acid required rises to 1 per cent. 

However, the researches of several chemists have appeared to give 
results contrary to the opinion which has just been formulated. 

To give an instance, M. Coisne experimented upon specimens of 
creosote from England, Scotland, Belgium, and France, containing 15, 
8, and 7 per cent, respectively of phenic acid. A fifth sample, of very 
high density, not containing a trace of phenic acid, gave in practice the 
best results. 

Each sample was divided into three parts. Wood-shavings were 
treated — 

(1) With crude creosote; 

(2) With creosote with an addition of phenic acid ; 

(3) With creosote, and a certain proportion of very heavy oils added, 
distilling above 330°; 

(4) With each of the three portions obtained by fractional distilla- 
tion of the creosote — light, intermediary, and heavy oils. 

Shavings impregnated with the different products were steeped for 
four years in a special retting -vat. 

All the results, without exception, were in favour of heavy oils, and 
adverse to phenic acid. 

These experiments therefore seem in complete contradiction to 
the theory attributing to phenic acid a preponderating r6le in wood 
preservation. 

The reason of this apparent anomaly will now be adduced. It is 
known that phenic acid is volatile at the ordinary temperature ; soluble 
in water, the combinations which it forms are slightly stable. A powerful 
germicide, it preserves fermentable substances as long as it is found 
therein contained in sufficient quantities. 

But it is at once seen that phenic acid, one of the most powerful 
antiseptic agents, becomes, so to speak, absolutely inefficacious when 
found either in presence of water, which carries it off, or exposed to heat, 
which volatilises it. It cannot, therefore, be a useful agent in the pre- 
servation of timber which will be exposed to these two causes of altera- 
tion — damp and variation of temperature. This is the case with railway 
sleepers. Certain of these creosote - prepared traverses have been 
examined after long years of usage ; phenic acid has not been found, 
though, on the other hand, naphthaline existed in considerable quantity. 

It is therefore correct to conclude that, from the point of view of 
the preservation of timber, the preservative action of creosote is far 
more attributable to bases and alkaloids than to phenic acid. 
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The principal compounds contained in creosote of pit-coal tar are the 
following, in order of their volatility : — 

Specific Gravity. 
Benzene 0-880 



Toluenes 

Xylenes 

Cumenes 

Pyridine 

Phenol. 

Cresol . 

Naphthaline 

Quinoline 



0-872 
0-865 
0-870 
0-980 
1-065 
1-050 
1-153 
1-081 



In heavy oils it is phenic and cresylic acids (phenol and cresol) which 
are the most volatile and, at the same time, the most soluble in water 
at the ordinary temperature ; they distil at the same time as the lightest 
oils. Afterwards comes naphthaline, which is insoluble in cold water and 
very slightly so in boiling. It is naphthaline which forms the principal 
constituent of the black sediment frequently presenting itself at the ends 
of pieces of creosotised timber. Naphthaline is sublimated under the 
action of heat, and is concreted in beautiful flakes of magnificent 
white. 

If, now, phenic acid and naphthaline are separately exposed to 
ordinary temperature in the air, it is noticed that the naphthaline dis- 
appears less quickly than the phenic acid. 

The same phenomena is observed in timber injected with one or 
other of these two substances. 

Light oils which contain more phenic acid are evaporated with more 
rapidity than the heavy oils containing more naphthaline. 

Finally, if repeated washings with cold water are practised, all the 
phenic acid can be carried off. It is thus seen of what importance the 
_choice of injection oils is when it is a question of preserving wood under 
water. 

Antiseptic properties are to-day recognised in naphthaline which 
are less pronounced than those of phenic acid, but more durable. 

After naphthaline, the alkaloids of quinoline and leucoline distil 
over, then paranaphthaline or anthracene, and finally acridine, which is 
an antiseptic and energetic germicide, and, lastly, phenanthrene, carbazol, 
pyrene, chrysene, and benzerythrene. All these bodies, volatilising at 
high temperatures, may be of high value in wood preservation. 

To sum up, the results obtained in practice seem to be justified, and 
we recommend the injection of timber with a mixture of heavy and 
light oils, and the use of the heaviest portions. 
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Excellent results have also been obtained by the use of paraffine 
for wood injection. Paraffins has energetic antiseptic properties ; it is 
found in the heavy oils of petrole, schist, and bituminous tars. The 
employment of this substance has been especially praised for preserving 
wooden vats, which are employed in artificial alizarine works. It is 
known that this dye-stuff is prepared by means of anthracene, which, 
dissolved in acetic and chromic acids, gives -anthraquinone. This, by a 
series of reactions, is converted into alizarine. All these reactions are 
carried out in a hot jet of steam. Now, the wooden vats employed are 
destroyed at the end of a few weeks by the acids and alkalies which 
are used. If, on the other hand, paraffine-injected timber is employed, 
the vats can be preserved for two years. 

The paraffine preparation is made by simple maceration by 
means of a solution of paraffine in petrole, ether, or sulphuretted 
carbon. 

The timber is first perfectly dried in a stove for about three weeks, 
then impregnated with paraffine, and finally covered with a siccative-oil 
varnish or silicate of soda. This latter . has the advantage of being in- 
combustible ; if the timber is afterwards washed with hydrochloric acid, 
chloride of sodium and silica are formed, which stop up the pores of 
the wood. 

Before describing the different apparatuses employed for injecting 
timber with any one of the substances whose effects have been studied, 
the conclusions arrived at by M. Melsens may briefly be mentioned, as 
a result of important studies made by him as to the employment of tar 
in the industrial problem of wood preservation. 

(1) It may be granted that the common varieties — birch, beech, 
yoke-elm, etc. — well injected, can be substituted for oak in the making 
of railway sleepers. 

(2) All the fixed, substances, insoluble in water, unchangeable on 
exposure to air and dampness, fusible at a temperature not exceeding 
that at which timber deteriorates, such as tars, bitumens, waxes, fixed 
oils, colophony, etc., or their admixture, are most convenient. 

(3) When a log is injected by alternating the effects of heat and 
cold, it can be completely or partially penetrated by preserving substances. 
It is always convenient to finish by solid substances at the ordinary 
temperature, so that they can stop up all the pores most exposed to 
air and dampness. 

(4) When the injection is partial, which is sometimes sufficient, it is 
absolutely necessary not to cut the log after injection, that is to say, it 
must already be shaped ready for use. 
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(5) When injection is only partial, it is always done in the same 
direction,^ — in a word, it follows the course the rot would take, so that 
when this commences it must first go through the injected and pre- 
served portions before arriving at the wood it could affect. 

(6) Injection can be obtained in a very simple manner by employ- 
ing heat as solvent of the preservative matters, then by using as 
mechanical force the condensation of steam produced at a high 
temperature. 

(7) When the logs are carbonised so as to preserve them, it is still 
essential — ^and especially in this case — that they should have received 
their definite form. By carbonising in tarry or analogous matters, the 
pores of the wood are stopped up, whilst carbonisation pure and simple 
may leave the interior of the logs accessible to air and damp. 

(8) Sleepers or ordinary railway logs have no value when not in 
actual use, whilst those injected by tar may be utilised as firewood. 

(9) A great advantage of injection by tarry matters consists in the 
employment which can be made of unbarked timber, as also that which 
is squared, green, or which has undergone any preparation. 

Progress of Tar when it penetrates into Wood. 

This author also made some interesting observations as to the progress 
of tar when it penetrates into wood. Experiments have been made on 
small blocks of different varieties (poplar, beech, fir, and yoke-elm) of 
0"25 m. long by 5 cms. thick. They have been split after having been 
submitted to a more or less complete preparation. It has been proved, 
in some cases, that the tar which penetrates the woody mass follows 
exactly the contours and sinuosities of the longitudinal fibres, which it 
fills almost completely in some blocks, whilst in others, which have 
only received incomplete though sufficient penetration in many cases, 
the tar accumulates at all the transverse sections, thus stopping up the 
passages which give access to the agents of deterioration. 

In larger blocks of beech and white wood, broad stria? have been 
noticed in which the tar has not penetrated, and, however, after all the 
circumstances of deterioration to which these blocks have been exposed, 
the wood has been found perfectly healthy at very little depth. 

Progress of Damp Gases in Oak. 

The wood of the oak, though not the sapwood, assumes, under the 

influence of ammoniacal gas, and rather quickly, an intense coloration. 
22 



338 TIMBER 

Froih this point of view the following experiment is very curious : — 
A name is written in large characters upon the surface of the oak, using, 
to trace the letters, a thick varnish of colophony and essence of tur- 
pentine, applied warm. The side .of the wood which has been written 
upon is afterwards placed upon a vessel, at the bottom of which there 
is some ammoniacal liquid, and which is almost hermetically stopped 
up by the wood. The ammoniacal gas acts upon the whole portion of 
the wood surrounding the letters, penetrating and colouring it, but it 
enters at several centimetres from the bottom upwards, whilst it only 
makes a very short course from right to left. 

By acting in this manner, the letters, which are reserved by the 
varnish, appear white. By successively removing layers, the name will 
be found written in white on the interior of the wood, for the action 
of the ammonia has coloured all the fibres surrounding the letters. 
When, on the other hand, the whole portion of the wood surrounding 
the letters is reserved by varnish, the name will be found written in 
black or dark brown. 

This curious property of amnionia can be made useful in giving oak 
an appearance of age and imitating antique furniture. 

This coloration, produced by ammonia, can serve to show what the 
principal necessary conditions are for keeping a log of wood in a good 
state of preservation, when it has been submitted to processes of injec- 
tion which do not fill the voids of the wood in a complete manner and 
throughout its extent. It is, indeed, noticed that this coloration-^the 
result of the action of ammoniacal gas and damp air — is always pro- 
duced in the same way as the deteriorations observed in deteriorated 
railway sleepers. This experiment therefore permits of easily determin- 
ing the portions of logs which it is of the greatest interest to protect, 
namely, the pores, which allow air and damp to penetrate. 

In building materials, it is proved that tar, and, better still, resin or 
stearic acid, can be substituted for water in plaster, and that this sub- 
stitution, though the result of a purely physical action, is so intimate 
that solvents, such as ether and benzine, only dissolve a small part of 
the resin in the plaster. 

Varieties with which Tae-Injection succeeds best. 

This process does not succeed equally well with all varieties. As a 
rule, the following is what is observed in employing indifferently blocks 
of unbarked, squared, green, and dried timber, and even that in course 
of deterioration. 
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The alder, birch, yoke-elm, beech, and willow are impregnated easily 
and perfectly ; fir sometimes resists complete impregnation, the layers of 
the centre of the tree remaining white ; the aspen and oak offer very 
great resistance to impregnation. 

It often happens with oak that the sapwood or the last layers 
are completely injected, whilst in other layers the tar has only penetrated 
a few millimetres. However, some of the blocks which were slightly 
penetrated absorbed water only with the greatest difficulty, and then 
absorbed but little. 

Some portions, sometimes, considerable, of wood resist injection, and 
their deterioration is arrested in consequence of the solid tarry coating, 
which stops up the pores over a certain length, and protects the woody 
fibres to which they give access. 

Quantities of Tar absorbed by Wood. 

According to the variety and perfection of the result, woods com- 
pletely and perfectly protected with tar have absorbed from 30 to 50 
per cent, of their weight (tar taken in the dry state, such as is obtained 
in drying it in the vacuum at 140°). 

Usually in practice such high proportions need not be attained. 

Experiments made upon numerous specimens of different varieties 
(oak, fir, beech, yoke-elm, and poplar), about 0'30 m. long by 7 cms. 
broad and 5 cms. high, have shown that even slightly deep injections, 
but with warm tar, could act efficaciously. 

During these experiments the time of immersion in the preservative 
baths varied from five to fifteen minutes ; the matters employed consisted 
of ordinary gas tar, that freed from the most volatile products, resin, oil ; 
sometimes colophony was added to these matters. Upon coming out of 
the warm bath, the blocks were plunged in liquid and cold tar ; generally, 
to finish them, they were heated for some instants in the warm bath with 
a view of drying them. 

As to the different varieties, the average of absorption and loss is 
put in the following order : — It is the oak which absorbs and loses the 
least, followed afterwards by the fir, then the beech and white wood, 
which vary rather frequently, and, lastly, the yoke-elm. 

One can inject with tar, in all or in part, blocks of unbarked, dry, 
damp, squared, and worked wood, having been prepared by salts, and even 
in course of rotting, by employing the condensation of steam and atmo- 
spheric pressure as mechanical force, and utilising the heat as dis- 
solving force or liquefying the preservative matters. 
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Woods can be either completely or partially impregnated, and in both 
cases they resist more or less agents which alter them. 

The preservative matter which is injected always follows the course 
taken by deterioration in wood which is altered spontaneously. 

Superficial carbonisation is more efficacious when it is done by the 
agency of tarry matters than when the wood is submitted to a tempera- 
ture which disorganises a part of it. 

When a not very deep injection is produced, it is indispensable that 
the wood should receive, before the preservative preparation, the com- 
plete form under which it must be utilised. 

A log completely saturated with tar or resin should have a very long 
existence if it were only submitted to ordinary chemical agents, but there 
is reason to take into account the mechanical causes of alteration. 

Employment of a Combination of Soda and Ceeosote. 

It has been seen that metallic salts, in spite of certain essential 
qualities possessed by several of them, must generally give preference 
to tarry oils unduly designated in commerce under the generic name of 
creosote. 

The use of these latter is, however, rather embarrassing, and requires 
somewhat complicated appliances. Now, as has been seen, tarry oils 
contain a maximum of 10 per cent, creosote or carbolic or phenic 
acid. 

When it is this latter acid which it is desired to utilise, it is 
evident that the excess of inert oil is useless. 

Independently of this uselessness, the oil presents the grave in- 
convenience of rendering the absorption of the creosote by the wood 
more difficult. 

The penetration of a liquid into a solid body depends especially 
upon the facility with which the latter can be moistened by the liquid. 
It is also known that a woody surface, impregnated with water, would 
not absorb any oil. It is difficult to dry the timber completely, and, 
moreover, when exposed dry to the action of the atmosphere, it absorbs 
the dampness of it. 

As employed for works and railway stakes, it cannot be considered 
as absolutely dry, and, on account of the dampness contained in its 
pores, it resists the absorption of tar oils in a marked manner. 

It cannot be made to absorb the oil by operating in a vacuum ; the 
impregnation will be incomplete. 

By applying, on the other hand, a creosote solution to wood, it would 
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not be exposed to the inconvenience of the presence of oil, and pene- 
tration would be obtained more easily and economically. 

The employment of this system has been tried in Germany by 
means of a combination of soda and creosote containing 40 per cent, of 
the latter. ' The pieces desired to be impregnated are coated with this 
liquid, diluted with water or placed in cases and covered by the liquor. 

The temperature' is raised to 100° by means of a current of vapour, 
and then allowed to cool slowly. A layer of sulphate of iron is after- 
wards given, which saturates the soda, puts in liberty the creosote in the 
pores of the wood, causing the protoxide of iron to be deposited there. 
This latter appears to afterwards absorb the oxygen of the air still con- 
tained in the woods and becomes the sesquioxide. The cloth of sails and 
ropes are often prepared in the same manner. 



CHAPTER XX. 

INJECTION PEOCESSES IN CLOSED VESSELS. 

The employment of a vacuum and atmospheric pressure in a closed vessel 
was conceived by Samuel Bentham as far back as 1794, who witnessed, 
during his residence in Russia, the difi&culties which the air lodged 
between the fibres of the wood opposed to the penetration of all sorts of 
fluids. 

He undertook, at this time, a series of experiments in order to ascer- 
tain if a pneumatic pump could be efficaciously employed to dislodge the 
air before introducing the liquid intended to preserve the wood. He 
placed the piece to be treated in a closed vessel, where the vacuum was 
made by a pump. He afterwards put the vessel in communication with 
the tank which contained the liquid to be injected, and the latter, under 
the action of atmospheric pressure, was carried into the vessel and 
injected into the pores of the wood, then entirely deprived of air. 

The satisfactory results to which these experiments led caused 
Samuel Bentham to take out a patent in 1795, but special circum- 
stances prevented his pursuing the application of his discovery. 

THE BREANT APPARATUS. 

In 1831 Bryant, Director of the Mint (of France), proposed the 
introduction into wood of metallic solutions by means of strong pressure. 

His apparatus was composed of a cast-iron cylinder M, a forcing- 
pump P, and condenser N (Fig. 157), into which either steam or cold 
water can be brought through tube a. 

The operation is conducted in the following manner: — The lid being 
removed, the piece of >vood is introduced in cylinder M, and the liquid 
is introduced so as not quite to reach the top of the piece of wood. 
After the cylinder has been closed, the vacuum is made in K, by the 
alternative introduction of steam and cold water. The cock h is opened ; 
the air passes partly from the cylinder into the condenser, and this 
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operation is recommenced until the pressure in the cylinder is 
below 0"15 m. This condition is maintained for some minutes, so as to 
allow the gases to leave the timber. The cock h is afterwards closed, 
and the liquid is introduced info the cylinder by means of the forcing- 
pump P until the pressure reaches 10 atmospheres. This pressure is 
maintained for a variable time, according to the nature of the wood and 
liquid employed. Six hours is usually a sufficient period. At the end 
of this time, the air is allowed to re-enter by degrees, and the liquid flows 
through cock c. 




THE BETHEL PROCESS. 

In 1838 Bethel modified the Bryant process. The matter employed 
by him ^as a mixture of bituminous oil and naphthaline, this latter 
possessing, as already seen, very powerful antiseptic properties. Its 
action can be explained in the following manner : — If a piece of timber 
is plunged into a product of distilled coal tar, the naphthaline coagu- 
lates the albumen of the wood, thus precluding putrefaction of it, and 
the bituminous oil, penetrating into all the capillary tubes, hermetically 
encases the woody fibres and closes all the pores, which are thus 
protected from air and dampness. This bituminous oil being insoluble 
in water and without action upon atmospheric air, permits of the 
application of the process in all possible situations. The apparatus 
employed by Bethel was the following: — 

The wood to be preserved is first introduced into a sheet-iron cylinder 
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entirely impenetrable to air, and, moreover, rather resistant to support 
strong pressure. As it must be able to contain timber of large dimensions, 
it is made 6| ft. wide by 65 ft. long. By the aid of a pneumatic 
pump worked by a steam-engine the vacuum is made, or, rather, the air 
therein is rarefied, until there is no more than a pressure of 9 cms. 
of mercury. The water and air contained in the cells of the wood can 
then be easily evolved. The heavy oil designated under the name creosote 
is afterwards introduced, whose average density is slightly higher than 
that of water. This oil is driven back into the cylinder by means of an 
hydraulic press, and then submitted to a pressure of 8 atmospheres. 

The timber is allowed to stay in the cylinder a rather long time, so 
as to become impregnated with oil. A duration of twelve hours is 
usually sufficient, but it should be longer in proportion as the wood is 
more compact, denser, and more damp. 

When the wood is still green, it is preferable not to employ it, for 
one will not succeed in impregnating it propeijly, even by increasing the 
pressure and greatly prolonging the experiment. 

If the wood is compact, like oak, the heart cannot be treated very 
well ; but it suffices, for its preservation, that the oil should penetrate 
into a zone some centimetres below the surface. 

It is necessary that each cubic metre of wood should be impregnated 
by at least 115 kilogs. of heavy oil of tar. If the wood is to stop in the 
water, and especially in sea- water, 160 kilogs. at least are necessary for 
it. It is also understood that the proportion of oil of tar absorbed will 
greatly vary with the nature of the wood. It is greatest in the case of 
beech. It then rises to 325 kilogs.; it is also in this variety that the 
oil is distributed in the most uniform manner. 

To make sure that the wood has absorbed the quantities of heavy oil 
necessary for its preservation, its weight is determined at the entering 
and coming out of the cylinder ; that which has not gained sufficiently 
in weight is passed in again. 

An ingenious arrangement permits of greatly reducing the expense of 
hand labour, necessitated by the charging and discharging of the pieces 
of wood in the cylinder ; it consists in placing these pieces upon a 
small carriage which rolls on wheels, entering the cylinder at one end 
and coming out at the other. 

When the timber has been submitted to this preparation, it assumes 
a deep brown tint, and experience shows that it resists putrefaction well. 

Soft and porous timber is easily impregnated by heavy tar oil, and 
can therefore be utilised in buildings to replace hard wood. 

The net price of creosotised wood is rather variable, for it depends 
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upon the price of the raw material, tar oil. Sixteen shillings and eight- 
pence per cubic metre may be estimated as the average price. 

Generally, timber that has been treated by this process is well 
preserved. It is not, however, protected from the ravages of the 
Limnoria terebrans when injection is not absolutely complete. 

For telegraph posts and railway sleepers this timber gives very 
satisfactory results. It has been proved that it is not attacked by white 
ant. In mines and quarries it resists brown rust and damp. 

It is particularly in sea-water that creosotised timber gives the most 
remarkable results. Comparative attempts have shown that ordinary 
wood is almost completely eaten by tarets at the end of a few years, 
whilst in the same conditions well-creosotised wood is not appreciably 
attacked. 

Large quantities of timber prepared in this manner have been 
employed in England on the works of several important ports, notably at 
Leith, Holyhead, Portland, Plymouth, Brighton, and Southampton. 

When these varieties of timber are attacked by tarets or perforating 
molluscs, it is proved that they adhere to parts of the wood insufficiently 
impregnated or where blows of the hammer have laid bare the portion 
not reached by the oil of tar. 

This process is, however, rather expensive ; it is only applied to 
timber recently felled, communicating to it a very disagreeable odour. 
It also renders the wood very combustible, which precludes its employ- 
ment in the building of houses or ships. 

LEGE AND FLEURY PIRONNET APPARATUS. 

This apparatus is based upon the same principles as that of Br&nt, 
and differs slightly from that of Bethel. The cylinder or recipient con- 
taining the pieces to be injected is of copper, so that sulphate of copper 
can be employed as the antiseptic agent. 

This apparatus (Fig. 158) is composed of a cylinder M about 33 ft. 
long by about 5 ft. in diameter. This cylinder is terminated at one 
of its ends by a convex bottom fixed by rivets. At the other end, a 
cap, also convex, moves on a hinge, and can close the cylinder in a 
perfect air-tight manner. The body of the cylinder is formed of twelve 
drums, joined by double rows of rivets. It can be divided into two 
parts, so as to be the more easily transportable. The walls are 10 mms. 
thick, and can resist a pressure of at least 1 3 atmospheres. This interior 
pressure is measured during the operation by means of a manometre. A 
carriage 0, provided to carry the pieces of wood to be prepared, is placed 
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upon a truck, or if the arrangement of the road demands it, upon a system 
of two trucks. It can therefore be brought opposite the opening of the 
cylinder, upon the interior rails of which it is made to run. A movable 
steam-engine N, capable of developing from ten to fifteen horse-power, 
serves as generator for the steam, which must be made to penetrate 
into the cylinder by the tube a, actuating either the air-pump or the 
injection-pump. A worm placed in wooden vats E E, containing a 
solution of sulphate of copper to the standard of 2 per cent., receives the 










steam current, which, after having traversed the cylinder, assists in 
raising the temperature of the solution. 

Another part of the system P comprises — 

(1) An air-pump; 

(2) A condenser ; 

(3) A suction and force-pump combined. 

The air-pump communicates, by suction valves, with the upper part 
of the condenser, to which another tube m joins, giving issue' to the 
steam contained in the recipient, as well as the small quantity of air or 
gas which may be found there. 

The gas and steam come into the condenser as soon as the pump 
is put in action, and commence to make the vacuum there. The 
steam is brought back in a liquid condition, and the non-reduced gases 
pass into the body of the pump, as well as the wash of the condenser, 
and are afterwards repelled by the movement of the return of the piston 
in a cast-iron cistern. The latter is placed above the pump, communi- 
cating with it by means of expulsion valves. The cistern is filled to the 
level with a wash of a certain quantity of water, which intercepts the 
communication of the organs of the pump with the exterior air. The 
condenser is fed by a reservoir, with ,which it communicates by means of 
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a tube provided with a cockj the handle of which is moved upon a gradu- 
ated circle, the opening of which is conveniently regulated. 

The vacuum produced by the action of the pump determines the 
exhaustion of the air of the reservoir and its injection into the condenser, 
even at the time when the steam from the cylinder reaches there. 

Jets of cold water can also be pumped in. 
,■ The double-action pump is pierced at each of its extremities by two 
openings, one furnished with a suction valve, the other by a repelHng valve. 

The suction openings can be placed in communication by means of 
Qocks, either with the casks, or with a reservoir of pure water. The 
I'epelling openings communicate, by means of cocks, with the cylinder, the 
boiler of the impeller, or with the condenser. 

When the filling of the cylinder is commenced, the two suction aper- 
tures are put in communication with vats R E^ by means of cock h, and 
the two repelling apertures with the cylinder. But at the end of the 
operation, in order to obtain slowly and without difficulties the filling of 
the receiver, and the compression of the liquid, only one of the suction 
apertures is allowed to communicate with the cisterns, namely, that one 
at the head of the body of the pump. The corresponding repelling 
aperture is likewise only placed in communication with the cylinder. 
From this moment the filling is, in reality, only done by means of a 
single action pump. 

The second exhaust aperture can then communicate with the reser- 
voir, and consequently the corresponding repelling aperture serves to 
bring the water into the boiler of the impeller, into the condenser, casks, 
and finally upon every other point where it can be utilised. 

This arrangement presents several advantages : it does away with the 
employment of a second and smaller injection pump in order to finish 
the compression in the cylinder ; it does away with a third pump for 
water; and, lastly, it contributes towards maintaining the regularity of 
the movement of the apparatus. 

The operation being finished, the emptying cock h is opened, the 
liquid is made to run into vats E E ; after having opened air-cock c, the 
wood is withdrawn and left to dry under sheds. 

By the aid of this apparatus, 1600 sleepers or 600 telegraph poles 
can be daily prepared. 

The quantity of preserving liquor, usually composed of 2 kilogs. 
of sulphate of copper for 100 litres of water under a temperature of 
45°, is very changeable, according to the nature of the wood, its age, 
how long since it was felled, and especially its volume at the time of 
the experiment. 
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The time between the moment of cutting up and that of injection 
brings notable differences in the mass of liquid absorbed, as can be proved 
by an examination of the following table, which resumes the observations 
made on this subject : — 









Time. 


Cube of 
each 


Weight. 


Weight of 
Absorbed 


Increase 
of Weight 
per Kilog. 

of Wood. 


Varieties. 












Of Felling. 


Of Sawing. 


Piece. 


Before 
Operation. 


After 
Operation. 


Solution. 








Metre. 


Kilog. 


Kilog. 


Kilog. 


Ki 


eg. 


Yoke-elm . 


10 years. 


8 years. 


0-046 


33-90 


62 


00 


28-10 





83 


Beech 




5 year.?. 


4 years. 


0-093 


71-60 


119 


60 


47-90 





68 


) 




5 months. 


2J months. 


0-056 


47-00 


69 


00 


22-00 





47 












0-057 


47-50 


71 


60 


24-10 





55 












0-052 


44-00 


64 


00 


20-10 





45 












0-051 


42-00 


61 


50 


19-50 





46 












0-062 


50-70 


73 


90 


23-30 





52 












0-019 


15-80 


22 


60 


6-80 





43 








i months. 


2 months. 


0-104 


75-00 


121 


50 ' 


46-50 





62 












0-104 


65-00 


108 


00 


43-00 





68 








16 months. 


2^ months. 


0-100 


71-50 


111 


00 


39-50 





55 








4 months. 


2 months. 


0-104 


73-00 


114 


80 


41-80 





57 


Maritime pine . 


6 months. 




0-097 


56-00 


98 


60 


42-60 





76 


)) 




... 


0-084 


45-00 


83 


00 


38-00 





84 


)) 






0-097 


59-90 


104 


00 


44-10 





73 


)j 






0-076 


45-70 


85 


30 


39-60 





86 


Beech 


6 years. 


4 years. 


0-377 


27-00 


47 


00 


20-00 





74 


)) 


15 months. 


45 days. 


0-095 


78-60 


133 


00 


55-00 





70 


Maritime pine . 


4 months. 




0-098 


76-00 


124 


00 


48-00 





63 


Poplar 




In logs. 


0-112 


65-00 


106 


00 


41-00 





63 


Kr . 




12 hours. 


0-081 


60-00 


102 


00 


33-00 





48 


Oak . 




3 months. 


0-059 


53-00 


66 


00 


13-09 





24 


Chestnut . 








155-00 


213-00 


58-00 


0-37 



For the success of the operation, it is necessary to work with healthy 
and very straight timber, without traces of rot or cracks, for the liquid 
introduced taking the line of least resistance would pass through the 
cracks without penetrating the wood. 

Trees felled from the month of December to the month of March 
should be placed in preparation from the beginning of March to the end 
of May, and those cut from March to December should receive the pre- 
serving liquid within a fortnight after felling. 

The branches and top of trees should be lopped immediately after the 
felling of the tree. Moreover, one must be careful to leave at each end 
of the pieces a length of about 10 cms. over and above the length of the 
piece to be prepared, so as to freshen it at the time when it is put into 
preparation. 

The abutment of the tree and the portion of the top, which is too 
small to be of use in traverse-making, must only be cut at the time when 
the pieces are about to be removed to the timber merchant's yard. 

The object of these different precautions is to avoid coagulation, 
which would have the effect of forming, in the sappy canals, a series of 
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diaphragms capable of holding back for several hours a liquid column 
10 metres high, thus arresting progress for two or three days, and 
which can even prevent in a complete manner the preparation of 
timber which had been exposed to the sun during the height of 
summer. 

The duration of the preparation is from forty-eight to sixty hours for 
timber of average dimensions, felled in a convenient season and coming 
from varieties such as the yoke-elm, beech, birch, plane, and sycamore. 
A hundred hours is sometimes necessary to prepare pieces of beech of a 
diameter of 0"80 m. by 2'80 m. long. 

It is generally admitted that the duration of the preparation varies 
in proportion to the bulk treated and in direct relationship with the 
diameter. 

The timber of the oak, elm, cherry-tree, all sorts of poplars, the 
resinous varieties, and acacia take longer to prepare, requiring from five 
to eight days. 

Henceforth it can be concluded that this process has several ad- 
vantages over the Boucherie system, which will shortly be described : — 

(1) The time which elapses between the felling and the putting into 
operation has no appreciable influence over the penetration of the anti- 
septic liquid. 

(2) The squared wood is prepared as well as rough wood, which is an 
important advantage. 

(3) In the Boucherie process it will be seen that the body of hard 
timber is never penetrated, and if cutting-up happens to lay bare this 
part of the wood, one can never be assured as to its preservation ; this 
has not to be feared with the process just described. 

BLYTE-THERMO-GAEBOLISATION SYSTEM. 

This particular process of preservation of timber rests upon the fact 
that the heat-producing vapours of water and creosote mixed become the 
introducing agent in the mass of the wood of the antiseptic principle of 
phenic or carbolic acid, of which mention has already been made : hence 
the denomination thermo-carbolisation given to this process. 

In several cases the creosote preparations have been recognised as 
being efficacious only in so far as the injection of the antiseptic matter 
was complete, and this latter result is often only obtained upon the con- 
dition of employing up to 20 kilogs. of heavy oil, which, whilst 
admitting an average price of 5s. per 100 kilogs., brings forward 
the price of the first matter to Is. per sleeper ; whilst in the injection of 
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the sulphate of copper, one can usually count that 500 grms. of salt 
is necessary, or about 3d. per sleeper. 

There is, therefore, from this fact a marked disadvantage to the 
detriment of creosote, and that arises from the difficulty experienced of 
disseminating the heavy oil very regularly, or at least employing large 
quantities of it. 

The use of creosote in the vaporous condition has then been tried, but 
it can only be obtained in this manner above 300°, and the applica- 
tion of so high a temperature disaggregates the wood. 




Fio. 159. 



In 1870 M. Blyte disseminated heated creosote in a spray of steam 
at 4 or 6 kilogs. pressure, the steam operating on the lower surface of the 
creosote, then saturating with this carburetted vapour the timber in a 
closed vessel. 

It completely penetrated the centre of the wood of oaks, pines of 
Landes, and red beeches, this penetration, which was formerly very 
difficult, being made with heavy oils, coal tar, vegetable tars, etc. From 
2 to 3 kilogs. of creosote per large sleeper and 2 kilogs. of brown 
phenic acid per cubic metre of picked wood or sleepers can more generally 
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be employed, mixed with about 150 litres of water per metre. Success 
of the operation depends on the correct proportion of phenic acid. 

The ordinary apparatus useful in preparing sleepers can be taken to 
pieces and easily transported into timber merchants' supply-yards ; it is 
composed of four distinct parts (Tigs. 159, 160, and 161): — 

(1) A boiler mounted on wheels, of fifteen to twenty horse-power, 
at high pressure, giving steam at 6 kilogs. pressure. 




FiQ. 161. 

(2) A small horizontal boiler upon wheels, with ordinary hearth con- 
taining creosote and water, called the houilleur. 

(3) Three vats or reservoirs A A' A", of sheet-iron, with uncovered 
surface, containing heavy oil, which is made to pass into the boiler- tube, 
according to requirements, by the aid of a pump. 

Worms B B' B" receive the vapour, to heat, agitate, or melt the 
creosote. 
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(4) The preparation apparatus, which comprises three sheet-iron 
cylinders M M' M" with steam chambers, safety plugs, and mobile caps on 
the rear of the apparatus. These cylinders, which are enveloped, can 
maintain a pressure of 6 kilogs. 

The wood to be treated is introduced, and the domes serve to store 
up a surplus of heavy oil or a mixture of this matter with the products of 
condensation, when it is desired to bathe the injected wood by a first 
treatment and to verify the proportion of absorbed liquid during this 
bath. 

Two long sheet-iron cylinders N N' called condensers are arranged 
perpendicularly at each end of the ovens, and can resist the pressure 
of 3 kilogs. They contain the heavy oil and residues of the operation. 

The system of pipes comprises eleven groups, namely — 

m Pipe through which the vapour penetrates from the copper into 
the boiler. The steam is blown upon the lower surface of the creosote 
mixture. 

m' A steam pipe directed in front of the bottom of the three 
ovens, having three bends to introduce the steam by the axis of the 
ovens. 

n Pipe taking the carburetted vapour to the surface of the mixture 
contained in the boiler, and conducting it into the three ovens by the same 
axis of entry as the uncreosoted steam. 

p Pipe of communication between the bottom of each oven and the 
lower surface of the boiler, so as to bring back in the latter the matters 
which are condensed in the ovens. 

r Pipe starting from the domes of each oven to make them com- 
municate, so as to equalise the pressure in the ovens. 

/ Pipe connecting with the preceding, establishing the communica- 
tion of each oven with the two condensers, with the object of utilising the 
steam of the domes to work the rising of the liquid mixture of the con- 
densers in the oven, in order to bathe the timber there. 

s Pipe of communication between the vats and condensers, so as 
to fill these latter with carburetted liquid matter destined for the 
bath. 

t Pipe of communication between the dome of each oven and the 
exterior air, by which the steam of the ovens can escape according to 
requirements ; the surplus of the liquid in a vat can pass off through this 
pipe. 

u Pipe of communication between the exterior and the bottom of 
each dome of the ovens, by which the bath may be kept at a proper 
height. 
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V Six large pipes causing the bottom of the ovens to communicate 
with the bottom of the condensers, and serving to condense the steam 
of the ovens or to establish the rising of the liquid mixture of the con- 
densers towards the ovens. 

z Pipes containing those of r and causing the steam of the domes to 
communicate with the liquid creosote in the vats. 

The preparation is accomplished thus : Having completely isolated 
the first oven, the advent of the steam vapour and earburetted vapours 
are worked simultaneously through the centre of the oven (it must be 
noted that creosote is disseminated in the midst of the steam vapour). 
The earburetted vapours, carried away by the steam vapours, attack 
briskly and penetrate the wood ; the operation is commenced. 

The communications of the oven, boiler, and condensers are then 
worked. A continuous circulation of the steam is set up, and of a part 
of the condensed mixture of steam and creosote. 

The pressure rises from 4 to 6 kilogs. in the oven about half 
an hour afterwards ; it is maintained thereat for about the same time. 
The timber is then completely prepared. 

The operation of the following oven is begun by making it com- 
municate with the oven provided to equalise the pressures, and after 
the isolation of this latter by proceeding as above. 

Though this preparation may be the principal one, it can be com- 
pleted, for example, in the case of sleepers. For these, either the dome 
of the second oven or the copper is placed in communication with the 
condensers containing creosote and water, with a portion of the products 
of condensation. This liquid, heated by the steam, rises and bathes 
completely the softened timber. The surfaces and sapwood can be 
penetrated by it. 

The apparatus just described is capable of preparing five hundred 
sleepers per day. The wood comes out very tender, and can be shaped 
by pressure, ground, and bent. It hardens easily, and can be employed 
for roadways a few hours after leaving the oven. 

When the quantity of oil able to enter into combination in the wood 
is employed, the tint of the latter, as well as its aspect, are not changed. 
The wood becomes denser, the pores are closed up, it is more greasy for 
sawing, and polishes more easily. 

Molecular contraction is probably established shortly after the 
operation ; but at the end of a few weeks the timber is no longer in- 
fluenced by the temperature, the pieces harden in the air, and become 
unattackable by damp. The fibres are more resistant in the torsion 
23 
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tests, and the uprooting trials indicate an appreciable increase of 
resistance. 

By prolonging the operations deep and uniform tints can be given to 
the timber, which in certain applications embellish it. 

The net price of a long sleeper cubing 0'085 m., allowing of the 
employment of 2 kilogs. of creosote, is about 6d. 

The advantages arising from the employment of this process are 
important. 

The qualities of the wood, strength of the fibres, resistance to uproot- 
ing, are augmented. 

With freshly-cut timber the work is more rapid than in any other 
process. 

Pne can, as in the other processes, employ the supplementary means 
of preservation of the sapwood by a bath at variable pressure, but under 
better conditions and with less raw material. 

Timber can be employed in building a few months after preparation, 
which can be done as soon as the tree is felled. 

The price of preparation, estimated at 6d. per sleeper, is less high 
than that of the preparation in a closed vessel by means of sulphate of 
copper, which rises to about 8d., and especially lower than that of the 
ordinary creosote preparation, for which Is. 3d. per sleeper may be 
reckoned. 

The pine of the Landes and that of the North, thus injected, can be 
compressed and serve for paving. Finally, the timber of the beech and 
oak can, after having been conveniently tinted, be of use in furniture- 
making, after the odour of the preparation has disappeared. 



CHAPTER XXL 

thp: boucheeie system, based upon the displacement 

of the sap. 



M. Boucheeie applied himself to green, unbarked wood ; he favoured the 
view that it is necessary to introduce the preserving liquid by profiting 
by the natural movement of the sap. This movement can be aided by 
suction or by pressure, so as to expel all the sap and permit the com- 
bination, in all parts of the wood, of the antiseptic with putrescible 
elements. It follows that, in this process, the closed vessel employed in 
the preceding systems is not required. Simple suction or hygrostatic 
pressure is sufficient to favour the filtration of the liquid in the pores of 
the wood. This system has been successively improved. So enthusiastic 
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were the French people in 1856 by this discovery that a special law 
protracted the Boucherie patent by way of national recompense. 

In order to practise this injection system, the felled tree is immersed 
in a vat containing the liquid to be absorbed by the wood. It is not 
necessary for the tree to be standing to ensure this absorption taking 
place; success has been obtained with a felled tree (Fig. 162), provided 
it be in contact with the liquid ; one can even make at the base of the 
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tree, holding by the roots, a kerf of the circular saw, and surround it 
with a sort of basin containing the liquid ; this latter does not take long 
to become completely absorbed and to penetrate all the tissues. 

A second process consists in piercing with a gimlet some holes at 
the foot of a tree (Fig. 163) still rooted in the soil; the preservative 
liquid is introduced into these holes, its ascent in this case being rapid 
and complete. 

For this operation one can remove all the branches and lateral leaves 
of the tree, provided that a tuft of leaves determining the ascent be 
reserved at the top. 

In 1841 M. Boucherie conceived another method based upon the 
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Fig. 163. 



displacement and expulsion of the sap by means of the pressure and 
filtration of the liquid to be injected. The modus operandi was as 
follows : — The pieces of timber, after having received at each end a cut 
of the saw to refreshen the surfaces of them, are extended parallel with a 
slight inclination (Fig. 164). One applies, upon the section of the large 
end — -which will be the surface of penetration — a wooden disc of the 
heart of an oak, after having sometimes placed, upon the periphery of the 
surface, a dry rope of hemp tow. The wooden disc is pressed firmly 
against the tree, and is kept there by means of iron hooks. An empty 
space of some millimetres is thus made, which serves to house the anti- 
septic liquid with which it is intended to treat the entire section of the 
wood. The wooden disc is pierced in places by a circular opening, in 
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Fig. 164. 
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Fig. 165. 




Jj. Couj'tier 
Fig. 166. 
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which the end of a hard wooden tap called a rohignole (Fig. 165) is 
forcibly introduced, which transmits the liquid which a reservoir placed 
26 or 3 3 ft. high conveys to it. "When the cock of this reservoir is opened, 
the weight of the liquid soon thrusts before it the water of vegetation 
and the nitrogenised principles which it contains. This water flows 
through one of the ends of the trunk of the tree and the preserving liquid 
replaces it. The operation is finished when nothing but saline solution 
instead of sap comes from the trunk. 

The liquids employed vary according to the results which it is desired 
to obtain. If it is a question of preserving timber from dry or damp 
brown rust, to increase its durability and assure its preservation, 
M. Boucherie proposes to employ pyrolignite of iron, or more commonly 
sulphate of copper. Chlorides of the alkaline earths may be employed 
when it is desired to preserve the suppleness of timber. 

The introduction of saline substances into the interior of timbers has 
the great advantage of preserving them from voilage and shrinking, 
making them in some measure incombustible. The displacement of the 
sap by saline solutions is very prompt. Thus, a poplar of 0"40 m. 
diameter at the base absorbed in six days 3 hectolitres of pyrolignite of 
iron. A wooden plank of 0'30 m. absorbed 2 hectolitres of chloride of 
calcium in seven days. 

It has been proved in the Compiegne Forest that, of a beech cubing 
294 cubic metres, 3060 litres of pure sap have been displaced in 
twenty-four hours, which have been replaced by 3210 litres of pyrolignite. 
This last experiment permits of establishing the relation which exists 
between the solid part of the wood and the fluid circulating in the sappy 
canals. 

It is interesting to know how the sulphate of copper injected into 
wood is preserved. To ascertain this, comparative analyses have been 
made of freshly prepared timber, in course of service and in different 
degrees of decomposition. Timber freshly prepared contains, in the free 
state, a large quantity of injected sulphate. Placed in use, especially 
planted upright in the soil, they lose this sulphate by degrees, with- 
out, however, becoming altered, and posts are often met with of long 
usage no longer presenting a trace of free sulphate, and which are in an 
excellent condition. 

This consideration causes it to be supposed that it is not only free 
sulphate which is the preserving agent, but that, on the other hand, the 
antiseptic action is accomplished more particularly by a certain quantity 
of sulphate of copper, combined with the elements of the wood and fixed 
in its tissue. It is this, indeed, that happens. Thus, when a piece of 
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injected wood is reduced to powder and the sawdust obtained is washed, 
it is easily and completely freed of the sulphate of copper which it 
contains ; then, if it is afterwards incinerated, the ash treated by an acid, 
the liquid and washing water of this ash collected, a fresh quantity of 
copper will be found in these liquids ; it is therefore the fixed copper 
in the wood which is the principal preservative agent. Moreover, this 
quantity of copper is appreciably in definite proportion with that of the 
experimented wood. An injected tree therefore contains a salt of fixed 
copper. 

When, on the other hand, copper in putrefied wood is sought after, 
not only does one find none in the free state, but the amount of that 
fixed diminishes in proportion as decomposition advances. 

Young trees are penetrated better than those which are older. 

It must be added that this process of wood preservation is subject, 
either in the details of the operation or on account of the more or less 
favourable disposition of the molecular state of the wood, to variations 
which may render the preparations incomplete and give rise to mis- 
calculations. 

" The conditions to be fulfilled to ensure a good result are numerous, 
and it is difficult not to omit one or other of them. 

This injection system presents a grave inconvenience, namely, the 
diminution of resistance and elasticity which it produces in the wood. 
The pores of the wood whose sap is expelled are, indeed, submitted to 
forced dilatation, destroying the natural cohesion of the fibres, and thus 
weakens their resistance and elasticity. This result is the more marked 
as the timber which is treated is lighter. There is still another dis- 
advantage, namely, after the contraction which follows the swelling 
necessary to injection, vacuums are left which give more facility to the 
introduction of atmospheric agents capable of altering the composition of 
the wood ; this circumstance may also explain why incompletely prepared 
pieces are destroyed so quickly. 

To resume, if the two processes with sulphate of copper and creosotised 
oil are compared in the preservation of timber, the following conclusions 
will be arrived at : — 

Sulphate of copper is toxic for plants and parasitic animals which 
make their appearance at the beginning of organic decomposition. 

The sulphate should be employed in excess when the timber is 
intended for immersion in water or burying in damp soil, because the 
water slowly carries off the salt by dissolving it. For protection from sea- 
water, sulphate of copper will not suit. 

In timber penetrated by salt of copper, a portion of the sulphate 
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unites closely to the woody tissue, and another part of the same remains 
free ; this last fraction, first dissolved and carried away by exterior 
liquids, alone retards the removal of the metallic salt combined with the 
wood ; but this combination itself, though more stable, does not escape 
subtraction, accelerated or retarded according as the dissolving liquid is 
renewed more or less quickly. 

On the other hand, the amount of metallic salt should be diminished 
in timber destined for buildings, in order to prevent the mechanical 
effect of intravascular crystallisations. 

Finally, the copper solution ends by becoming charged with organic 
elements prejudicial to the success of the operation. 

Greosotised oil is preferable for injection of shipbuilding timber. 

The volatility and solubility of certain antiseptic agents contained in 
this oil would render the 'efficacy of "their action merely momentary, if 
the more fixed and thicker oils accompanying them did not contain and 
retain these volatile compounds, at the same time obstructing all the 
pores of the wood, leaving difficult access to the dissolving liquids and 
destructive gases. 

It must, finally, be mentioned that the use of metallic salts, aQd 
notably of sulphate of copper, makes the timber incombustible, whilst 
the opposite is the case when tar or oil prodiiced from it is employed. 



CHAPTER XXII. 

PROCESSES FOE MAKING TIMBER UNINFLAMMABLE. 

It is scarcely necessary to insist upon the importance, in numerous 
cases, of being able to make timber safe from the attacks of fire. 

Now, at 300°, all varieties of timber prepared by any one of 
the preceding processes are completely carbonised exactly as if they had 
received no preparation, the decomposition occurring, moreover, without 
the production of flames. 

Brought to red-heat or submitted to the action of an inflamed body, 
the pieces prepared are entirely destroyed. However, it often happens 
that the destruction is limited to the places attacked by fire. 

Timber covered by a suitable coat offers a certain resistance to fire, 
but the caloric soon finishes by reaching the interior, and the destruction 
of the wood is effected. 

Generally speaking, it is not possible to make wood incombustible, 
but the uninflammabihty can be assured of, and the destruction at the 
points directly attacked by fire can be localised. 

Numerous processes have been proposed ; the principal ones only 
will be noticed. 

M. Folbarri recommended the employment of the following 
mixture : — 





Kilog. 


Sulphate of zinc .... 


. 24-75 


Pearl-ash . . . . 


. 9-90 


American alum 


. 19-80 


Oxide of manganese . 


9-90 


Sulphuric acid at 60° 


9-90 


Water . . 


24-75 



All the solid matters are introduced into a copper containing water 
at a temperature of 45°. As soon as they are dissolved, sulphuric 
acid is added by degrees until complete saturation. 

To prepare the wood, it is arranged in a special apparatus upon 
iron grills, taking care to leave a space of about 1 cm. between each 
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piece. After this, the liquid is injected, by means of a pump, into the 
apparatus, and when all the empty spaces have been iilled, it is heated 
for three hours. At the end of this time the timber is withdrawn and 
placed upon grills, where it is allowed to dry in the open air. 
The following mixture has also been proposed : — 



Sulphate of ammonia 
Carbonate of ammonia 
Boric acid 
Pure borax 
Starch . 
Water . 



8 
2 

3 
. 1 
. 2 
100 



The tissues and the wood impregnated with this solution are proof 
agaiast fire, even after having been heated for a certain time in a drying- 
stove at 35°. 

Some years ago a process was described rendering timber un- 
inflammable by the employment of tungstate of soda. 

One proceeded in this manner : — 

Commercial tungstate of soda is dissolved in warm or cold water ; 
from 1'130 to 1"360 grms. of salt are employed for about 4 litres 
of water, so as to obtain a solution with a specific gravity of 1'20. 

The timber can be impregnated warm or cold either by immersion or 
pressure. It is, however, preferable to operate with a warm solution. 
When the wood has become dry the fibres and intercellular spaces are 
covered with tungstate ; it acquires very great durability, resisting the 
action of the heat well. 

White and red pines, thus treated, assume the appearance of oak, and 
are substituted for it for different uses. 

The best process noted up to the present is that in which soluble 
glass (water-glass) is utilised. 

To prepare the timber, two or three layers of weak solution, prepared 
by diluting 1 volume of syrupy solution of silicate of soda with 3 
volumes of water, are first given to it ; the timber becomes rather 
strongly impregnated with it. This first coating being almost dry, a 
layer of ordinary whiting is applied to it. 

The lime washing being almost dry, it is fixed by a more concentrated 
solution of soluble glass, prepared by a mixture of 2 volumes of syrupy 
solution with 3 volumes of water. 

A second application of this same solution is only necessary in the 
case where the whiting has been employed too thick. 

Experiments practised upon wood thus prepared show that the coating 
offers great resistance to the action of heat ; this coating does not become 
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detached from the surface of wood highly heated ; it prevents for a long 
time the wood burning with a flame, even when it is submitted to the 
influence of intense heat. 

Eain has no influence over it. Submitted to the action of an ener- 
getic water spray, it is but very incompletely washed, and only at the 
end of a very long time. 

In general, 1 kilog. of soluble glass is sufficient to thoroughly 
prepare a surface of 2 square metres of wood. 
■ Interesting experiments, about to be recapitulated, were but a short 
time ago made in Belgium upon this question of inflammability of wood. 

Specimens of twenty different varieties of wood were prepared ; they 
were then cut up into sticks of about 15 mms. of section, and 
exposed to the action of a certain number of gas jets. 

It has been proved that ordinary non-prepared wood is, on an 
average, inflamed after one and a half minutes, continuing to burn even 
when removed from the hearth. 

Bundles of eight preparations by injection of metallic salts should 
have been removed -at the end of eight to ten minutes, their inflammation 
having become complete. Among these latter, those which resisted the 
most are the timbers injected with tungstate of soda, chloride of calcium, 
and sal-ammoniac. 

The other preparations, by painting or washing, have resisted for 
from thirty to forty minutes ; the best results were given by timber 
covered with soluble glass, with addition of kaolin, pounded glass, and 
whiting, by those injected with phosphate of ammonia, and by those 
covered with asbestos paint. 

The following are the conclusions to which these experiments have led: — 

(1) The incombustibility of timber is not realisable, but one can 
obtain an uninflammability sufficient to preserve all buildings exposed to 
limited danger, or at least to permit of awaiting help. 

(2) The processes of preservation are of two kinds — by injection of 
sahne solution or by painting. 

(3) The injection processes only give good results, from the point of 
view of uninflammability, if phosphate of ammonia in concentrated solu- 
tion is employed. 

(4) Preservation by means of painting is the only process to be 
employed in almost all cases. Those paintings which are most highly 
recommended are — 

(a) Painting with soluble glass. 
(6) „ „ kyanite. 

(c) „ „ asbestos. 
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METALLISATION OP- TIMBER. 

Before leaving this subject, we will say a few words as to a special 
mode of preservation, very interesting from the point of view of the 
result to which it leads. Timber prepared by this process acquires a 
very brilliant metallic lustre. 

It is commenced by treating the timber with a caustic-alkaline 
solution (calcareous soda), and it is left in this bath for from three or 
four days, according to degree of permeability of the wood, at a tem- 
perature of 75° to 90°. Thence the timber passes immediately into a 
bath of sulphohydrate of calcium, to which is added, after twenty-four 
or thirty-six hours, a concentrated solution of sulphur in caustic soda. 
The duration of this bath is about forty-eight hours, its temperature 
varying between 35° and 50°. The timber is immersed in a solution of 
acetate of lead, also heated to about 50°, for about thirty to fifty hours. 

The process is rather long, but it furnishes very remarkable results. 
Timber thus prepared, after having been conveniently dried, assumes, 
under the burnisher, a very brilliant polished surface. This brilliancy 
increases if the surface of the wood has been previously rubbed with 
plates of lead, tin, or zinc, and if it is afterwards polished with a 
burnisher of glass or porcelain. In this manner timber may be given 
the appearance of a veritable metallic mirror, very permanent and 
resistant. 



PART YI. 

APPLICATIONS OF TIMBER. 



CHAPTER XXIII. 

GENEEALITIES— WOEKING TIMBER— PAVING— TIMBEE FOR 
MINES— RAILWAY TRAVERSES. 

GENERALITIES. 

As already mentioned, the applications of wood in general are most 
numerous, various, and important. Each time that the opportunity has 
presented itself, ti propos of the succinct description of the different 
varieties which have been given, the principal applications of each de- 
scription of timber have been pointed out, and it therefore only remains 
to give some details as to the principles of these applications. 

It will at once be seen that timber can serve either in the state of 
wood properly so-called, or in an unnatural condition. 

Thence there are two large divisions. 

In the first will be ranged all the applications of wood considered as 
firewood and timber for working, building, joinery, cabin etmaking, etc., 
with the applications of its different accessory products, gums, resins, 
oils, paper-pulp, etc. 

In the second, the applications for tanning, dyeing, and industrial 
chemistry in general will be described. 

The principal applications of timber will therefore be studied in 
this order, at once pointing out that we have already spoken sufficiently 
of timber considered as a combustible in the course of this study, that 
it does not enter into our programme to treat of its important applica- 
tion in charcoal-making, nor of the vast use at the present time made 
of it in papermaking, these different points having been treated, 
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with special details, in two other works, to which the reader is 
referred. 

Let us first recapitulate the information already given as to the 
particular and special applications of each variety. 

Those kinds of timber of the best quality for each usage will be 
placed in the front rank, followed by varieties of poorer quality. 

Charcoal. — ^Sylvester pine, yoke-elm, sycamore, ash, beech, oak, 
birch, elm, larch, pitch, common fir, aspen, lime, and alder. 

Firewood. — Sycamore, pine, ash, beech, yoke-elm, service-tree, oak, 
larch, elm, pitch, birch, common fir, lime, aspen, alder, black poplar, 
willow, and Italian poplar. 

Shipbuilding. — Oak, fir, pine, larch, beech, and elm. 

Large Building Timber. — Oak, chestnut, and pine. 

Scaffolding. — Elm, service-tree, beam-tree, apple-tree, and yoke- 
elm. 

Ordinary Timber. — Oak, chestnut, resinous trees, elm, service-tree, 
beam-tree, cherry-tree, aspen, and poplar. 

Clap-boards. — Oak and beech. 

Laths. — Oak, chestnut, and white wood. 

Bushel-making. — Oak, beech, fir, and aspen. 

Trellis-work. — Oak, chestnut, and ash. 

Vine-props — Oak, chestnut, ash, pine, willow, and aspen. 

Fencing. — Chestnut, juniper, dog-berry, oak, ash, pine, hazel, maple, 
and white wood. 

Sawing. — Oak, ash, elm, platane, chestnut, larch, fir, pine, wild 
cherry-tree, linden, French chestnut, black and common poplars, and 
aspen. 

Scraping. — Beech. 

Bowls and Platters. — Beech, fir, pine, and aspen. 

Vices and Tables. — -Elm, beech, and nut. 

Timber-piles.- — Oak and alder. 

Ordinary Carriage-making. — Oak, ash, elm, and yoke-elm. 

Carriage Work de Luxe. — Ash, elm, oak, beech, and nut. 

Water-conduits. — Pine' and alder. 

Hoops. — Chestnut, ash, willow, wild cherry, birch, hazel, ash, white 
willow, and lime. 

Turning Wood. — Ash, nut, false acacia, plum, and box. 

Wood for Sabots. — Beech, " nut, birch, alder, common poplar, aspen, 
lime, and Italian poplar. 

Sculptors' Wood. — Oak, ash, platane, lime, and French chestnut. 

If, now, the relative value of each kind of timber is estimated by 
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the variety of the commodities obtained from them or by the number of 
usages to which it is adopted, it will be found that our forest varieties 
present themselves in the order as follows : — 

Oak, beech, ash, elm, chestnut, yoke-elm, resinous trees, lime, aspen, 
birch, and alder. 

All the other varieties are only of secondary usefulness. 

As for the timber specially intended for cabinetmaking, we find 
among our indigenous descriptions the wild cherry, dog-berry, nut, pear, 
apple, box, arbutus, plum, maple, and service trees, and afterwards 
numerous exotic varieties, among which may be mentioned the 
mahogany, aloes, cailcedra, cedrel, lemon, orange, locust, ebony, iron wood 
violet ebony, teak wood, tuya, etc. 

TIMBER. 

All wood, excepting that used for firewood, is called timber, and 
this is used in buildings or in furniture making and other industries. 
The different kinds of timber can be differently classified according as 
they are adapted for shipbuilding, housebuilding, for carriage work, 
or for other purposes. 

The employment of timber in buildings dates back to the remotest 
antiquity, but it has undergone, with time, decided transformations. 

Upon the appearance of civilisation, the tree supplied almost all the 
esseiitial materials of the house. 

Elementary and massive carpentry demanded entire trunks, which, 
merely chipped, placed flat or standing, and roughly tied one to another, 
bore the whole weight of the edifice. The larger the construction, the 
stronger had the pieces of timber to be. 

But in proportion as the primitive forests receded before the pro- 
gress of agricultm'e, timber of huge size ceased to be common material. 
By degrees it has become more rare and dearer ; it is necessary to 
bring it from afar, and precisely at the period when the taste for large 
buildings, awoke by the Eenaissance, spread, — at the time when the 
imitation of ancient monuments rendered necessary wonders of equi- 
librium and strength in the beams and supports, — large timber 
disappears. 

Philibert Delorme has described in a celebrated work the processes 
invented by him to make up for the scarcity of large carpenters' timber. 
Thanks to the folding form which he gives to the roof, as likewise to 
other artifices of construction, thanks especially to the bonds which he 
conceived and which are to-day of current employment, he could build 
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the roof-frames of the largest castles, and that " without making use 
of larye purlins, sabliircs, heams, rafters, pousteaux, and other hinds for 
which it is necessary to employ large trees which in this country are 
very rare." 

He thus solved the problem by " making teams necessary for large 
dioellings of kings and princes, not of large wood and trees, as is done, 
hut of three, four, or five hundred pieces of small timber and of all 
descriptions." 

But the scarcity of large timber, which necessitated in the sixteenth 
century this great economy in materials, has enormously increased since. 
This is one of the reasons which has caused one to think of eliminating 
the timber in ordinary constructions and replacing it by iron. 

Timber is still in demand in buildings and the arts only because it 
enjoys certain properties which make it fit such or such purpose. 

These principal properties, considered from the special point of view 
of building, are the following : — 

Durability. — This property depends, first and foremost, upon the 
depths into which they are immersed. A very dry wood, and placed in 
a constantly dry earth, may last a very long time when not attacked by 
insects. In this respect it is the old and resinous timbers which have 
the least to fear. Those timbers most exposed to the attacks of worms 
are the yoke-elm, alder, birch, sapwood of the oak, followed by the beech 
a,nd maple. 

Timber continually immersed in water rots with difficulty. But the 
durability of the wood is very limited when repeatedly submitted to 
alternatives of dryness and dampness. Trees whose vessels are filled 
with resinous matters and whose layers are dense, withstand these 
alternatives more easily. Hard timber also offers more resistance than 
that whose cellular tissue is loose and porous. 

To increase the durability of the wood, the trees should be felled 
when the sap is down, drying it carefully and working with it only when 
it is perfectly dry. Finally, recourse should be had to one of the pro- 
cesses of preservation already described. 

Ease of Splitting. — All timber can be split by the help of wedges 
and hammers, but some descriptions offer the advantage of splitting 
easily in a clean and regular manner in the direction of their fibres. 
This is an important property, for certain kinds of timber require, in 
respect of solidity, to be split, and not cut up by means of the saw. 

The timber which splits most easily is that of the oak, beech, and 
conifers, followed afterwards by the maple, ash, lime, aspen, and birch. 
The elm, yoke-elm, and black poplar split with difficulty. 
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Resiliency. — This quality is only valuable united with good resistance 
and when the timber does not break easily. 

Of all timbers, the yew is the most resilient. Yoke -elms, maples, and 
oaks are equally resilient when young. On the other hand, old oaks 
scarcely so, whilst the elm, fir, larch, pitch, ash, and aspen preserve 
this quality even when ageing. 

Flexibility. — This is the property of curving or bending under the 
action of a certain force without breaking ; it is greatly in demand for 
a number of purposes. 

Flexibility can be increased by damp and heat, and under their 
combined influences curves and permanent shapes can be given to almost 
all kinds of timber without breaking them. 

This property is naturally very valuable for the soft timbers employed 
in basket-work, bushel-making, and cooperage work. 

Of the stem woods, the most flexible are the elm, followed by the 
young oak, ash, yoke-elm, willow, fir, birch, and aspen. 

Force of Resistance. — This is measured by the more or less considerable 
effort which it is necessary to make in order to break the timber either 
crossways or in the longitudinal direction of its fibres. 

The strength crossways of the fibres is about the only one considered 
in the crafts. Those kinds of timber possessing it in the highest degree 
are those whose woody layers are dense and close. The beech, ash, 
oak, elm, and yoke-elm occupy the first rank ; other and resinous timbers 
are far less strong. 

Density. — This can be considered from two points of view — absolute 
and relative density. 

The first consists in the real density and the multiplicity of the 
woody fibres ; it serves to measure the degree of combustibility of the 
wood. 

The relative density consists in the relative and uniform manner 
with which the fibres of the wood are divided, and when it is high, 
neither fissure nor cell can be perceived. 

This density greatly influences the appearance of the timber ; the 
higher it is, the finer is the grain and the more susceptible of taking a 
beautiful polish. 

Certain timbers possess these two densities ; we will quote the box, 
yew, apple and pear trees, maple, and yoke-elm ; on the other hand, the 
oak and beech have only an absolute density, whilst the horse-chestnut, 
lime, aspen, and willow only enjoy a relative density. 

Durability. — This is measured by the resistance that the. wood offers 
to sharp instruments, and depends partly upon the absolute density. 
24 
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SHIPBUILDING TIMBER. 



Three kinds of timber are employed by the navy in the building of 
its ships, namely, straight, curved, and angled timber. 

The first is completely straight or slightly bent. They constitute 
the half -beams, the castle beams, and plank timbers. 

This latter variety is cut into long and thick joists, which, under the 
name of plankings or foot-walings are intended to close, outwardly or 
inwardly, the hull of the ship. 

The curved timber presents regular and continuous bent forms, without 
bending or turning-back points. 

The angled timber is of straight pieces, though curved at almost 
straight angles, which present a curvature or conge in the middle point 
of this angle. 

The wood principally used in naval timber-yards is that of the oak, 
beechj ash, elm, and resinous trees. 

The timber of the oak is about the only kind used in Europe in the 
building of the hulls of vessels. The varieties furnishing almost ex- 
clusively marine timber are the English and pedunculated oaks. 

Generally the keels of ships are built of beech, as this timber is 
very straight. Trees about a hundred years old are employed for this 
purpose. 

The leech, whose wood is firm, pliant, and elastic in the damp con- 
dition, is also very well adapted for the making of oars. 

The timber of the elm provides the navy with cutters and sloops. 

The wood of resinous trees is greatly used in naval constructions. 
The maritime pine is useful in the sheathing of craft, and also in the 
making of the props which support the vessels in course of building. 
These kinds of timber are especially employed in mast construction. 

For masting, choice should be made of trees which have grown in 
a good dry soil, of average age, very healthy, abounding in resin, of 
supple and flexible timber, very straight and not having many branches. 

BUILDING TIMBER. 

For building in general, almost every description of wood growing 
in forests is employed. Some are used as carpenters' timber, others 
as being adapted for the construction of large machines, and others as 
timber for joinery purposes. 

In large civil buildings, such as those of bridges, dams, ports, and 
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large edifices, the forest trees furnishing timber of sufficiently large 
dimensions are the oak, chestnut, and fir trees. 

For buildings in damp or submerged soil, for the stilts of bridges, 
foundations, piles, etc., the oak, elm, alder, and resinous timbers are 
advantageously employed. 

If it is a question of building a large machine, including axle- 
trees, gears, pivots, etc., the oak will be utilised, or, failing that, the 
Sylvester pine, fir, and pitch. 

Carpenters' timber is generally divided into two c^-tegories — solid 
timber, which remains of natural size, and sawing timber, which is split 
by the saw into several pieces. 

WORKING TIMBER. 

This name is given to wood " worked " in forests or in the vicinity 
of them for the making of different utensils. Or the wood is merely 
split and dressed, and is then called split timber, or receives more dressing 
and is called scraped timber. 

In the first case, it serves in the making of laths, vine-props, clap- 
boards, hoops or rings, the bands of sieves, etc. 

In the second case, pack-saddle stocks and saddle-bows, yokes for 
oxen, oven shovels, mallets and beetles, etc. 

WOOD PAVING. 

The apphcation of wood in the making of causeways, etc., has during 
the last few years found great favour in many cities. 

Paris notably has recognised for some years the advantages of wood 
paving upon a solid foundation of cement. 

The timber of the North was at first employed, but the tendency is to 
substitute the Landes woods for it. 

These latter present, indeed, certain advantages, namely — 

(1) They wear more regularly, because they are more homogeneous. 

(2) They are less inclined to rot ; 

(3) They dry more rapidly than timbers of the North, on account of 
their containing more resin. 

It may also be added that the price of them is lower than for pave- 
ments of the North, the exploitation of which is reduced. 

In 1889 Paris used 45,000 square metres of wood paving, of which 
about a half was done with the products of the Landes. 

There is now 300,000 square metres of wood paving in the streets 
and boulevards of Paris. 
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This mode of paving by means of blocks placed in juxtaposition was 
known long ago, having been employed in England and Germany more 
than fifty years ago. 

The following precautions are generally recommended in order to 
obtain a good result : — 

(1) The wood should be taken from the heart of the tree ; the larch 
and other resinous varieties furnish excellent materials. 

(2) The blocks should be cut on a uniform model, the more easily 
to adjust them closely. 

The height should be equal to one and a half times the width, because 
strong resistance on the sides is necessary to the stability of the road. 
The pieces of timber are either rectangular or in the form of hexagonal 
prisms; these latter are more resistant, but the net price is higher; the 
first form is usually the satisfactory one. 

(3) The blocks should be placed upon a solid bed of pebbles, gravel, 
or cement, well rammed down and flattened. 

(4) At the time of placing the blocks it is as well to distribute a 
layer of fine gravel over the area of the road thus prepared, to facilitate 
the adjustment of the blocks. 

(5) Finally, the pavements should be arranged so as to present a 
perfectly level surface, before even being rammed, so that the final forma- 
tion of the level does not depend so much upon the effects of the 
ramming as upon the horizontal nature of the pavement itself. It is 
essential that the blocks come from dry trees and that they be used 
soon after having been cut, so that this form will not vary by the 
warping of the woods. 

These pavements generally undergo previous injection, destined to 
assure their preservation. 

, WOODWORK OF MINES. 

Large quantities of timber are necessary in mining, and especially 
in coal-mining, particularly in the shape of props for the galleries. 

Generally, the principal element of the support of passages in mines 
is a frame composed of four pieces of wood, namely, a hand-piece, sole, 
and two uprights. These pieces are usually barked and then dove- 
tailed. 

When it is a matter of a large-section passage and when the coal 
dust is considerable, several vertical uprights of wood are arranged 
in the axis of the gallery; sometimes the uprights of two adjacent 
frames are connected. 
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The timber of mines, placed in quite special circumstances, should 
be resistant to bending and compression ; the resiliency generally increases 
with desiccation. 

The resiliency and resistance to breaking diminish from the base of 
the trunk towards the top. 

In mines the timber is constantly bathed by a warm and often damp 
atmosphere ; it is then placed in very unfavourable conditions, from the 
point of view of preservation. 

Numerous experiments have been made which have led to the classi- 
fication of the timber in the following order, which is that of their 
durability in mines : the chestnut, English oak, pedunculated oak, wild 
pine, alder, ash, maritime pine, acacia, willow, maple, elm, aspen, wild 
cherry, birch, yoke-elm, beech, and poplar. 

The birch and yoke-elm should be, as a rule, but little employed ; as 
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0-282 






English oak . 








1-936 


2-349 


Maple . 










2-715 


Ash 






1-726 




2-029 


Beech . 








2-018 


2-317 


Elm 






0-987 




1-842 


Poplar 








1-200 


1-484 


Fir 








1-597 


2-123 


Sycamore 






1-647 




2-303 


Aspen 


2-302 




3-082 



Varieties. 


Coefficient of 
Resiliency. 


Limit of 
Resiliency. 


Cohesion. 


Density. 


Acacia 


1261-9 


3-188 


7-93 


0-717 


Alder . 


1108-1 


1-809 


4-54 


0-601 


Birch 


997-2 


1-617 


4-30 


0-812 


Yoke-elm 


1086-7 


1-282 


2-99 


0-756 


Pedunculated oak . 


977-8 




6-49 


0-808 


English oak 


921-3 


2-349 


5-66 


0-872 


Maple 


1021-4 


2-715 


3-58 


0-674 


Sycamore maple 


1103-8 


2-303 


6-16 


0-692 


Ash .... 


1121-4 


2-029 


6-78 


0-697 


Beech .... 


980-4 


2-317 


3-57 


0-823 


Elm .... 


1165-3 


1-842 


6-99 


0-737 


Poplar . 


517-2 


1-484 


1-97 


0-477 


Wild pine 


734-0 


1-633 


2-48 


0-612 


Fir . . . . . 


1113-2 


2-153 


4-18 


0-493 


Aspen 


1075-9 


3-082 


7-20- 


0-602 
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for the lime, it musb be expelled from mining passages, for it decomposes 
very quickly there. 

We tabulate on the preceding page the results of a series of 
experiments due to MM. Chevandier and Wertheim upon the limits of 
elasticity of the principal timbers, from the point of view of their 
employment in mines. 

It may be observed that the densities found by these observers 
differ in some points from those already given at the commencement of 
this account ; the differences are in the state of desiccation in which the 
different specimens of the two series are found. 



RAILWAY SLEEPERS. 



One of the most important industrial applications of timber is that 
made of it in the construction and maintenance of railroads, in the form 
of sleepers. 

The principal varieties employed for this purpose are the oak, beech, 
pine, and fir. We have already mentioned what the preparations were 
which they must undergo in order to assure as long a durability as 
possible. 





Production. 


Consumption. 


Length of 
Main Roads. 


France. 


Other 
Countries. 


Laid Down. 


For 
Repairs. 


Total. 


West 
North 
East 
Orleans 

Paris - Lyons - Medi- 
terranean 
South . 
State 


Sleepers. 
201,596 
259,670 
199,055 
483,612 

414,427 
705,434 
197,881 


Sleepers. 
30,000 

10'2,'385 
34,426 


Sleepers. 
198,802 
258,704 
218,263 
369,294 

618,345 
478,618 
188,512 


Sleepers. 

32,794 
966 

83,177 
114,318 

183,297 

226,816 

9,369 


Sleepers. 
231,596 
. 259,670 
301.440 
483,612 

801,642 
705,4.34 
197,881 


Kilometres. 
6,261 
5,002 
7,397 
7,536 

11,865 
3,730 
2,730 


2,461,675 


166,811 


2,330,538 


650,737 


2,981,275 


44,521 



From experiments undertaken in Germany in this respect, it follows 
that the replacing of sleepers must be operated in the following pro- 
portions : — 

31 per cent, at the end of twenty-one years' service in the case of 
sleepers of pine injected with chloride of zinc. 

46 per cent, at the end of twenty-two years' service in the case of 
creosoted beech sleepers. 
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49 per cent, at the end of seventeen years with non-injected oak. 

21 per cent, after the same lapse of time with oak injected with 
chloride of zinc. 

Everywhere where these observations have been made, the conditions 
were most favourable — that is to say, the road was made of materials of 
first quality. 

The French forests are capable of providing annually as much as 
four million sleepers. 

The table on the preceding page shows the consumption of sleepers 
made by the large French companies during the year 1888. 

It may be remarked that the total consumption is more than the 
quantity received, because the resources in stock were sufficient to satisfy 
all requirements. 

The length of the complete railways was, on the 1st January 
1888, 31,474 kilometres; the figures of the last column give the 
length of roads over which the public trains circulate. They comprise 
lines with single and double lines, the latter being reckoned as twice 
their length. 

As for the division of the varieties of timber employed in the making 
of sleepers in France, for the year 1888, the following figures are 
found ; — 

FRENCH TIMBER. 



Companies. 


Oak Sleepers. 


Beech Sleepers. 


Fir-Pine 
Sleepers. 


Totals. 


West .... 
North . 

East .... 
Paris-Orleans 
Paris - Lyons Mediter- 
ranean . 
South 
State .... 


108,242 

51,201 

189,573 

463,460 

292,790 
112,019 


93,354 

206,816 

9,482 


1,653 
20',152 

412,644 
85,862 


201,596 
259,670 
199,055 
483,612 

414,427 
705,434 
197,881 


FROM OTHER COUNTRIES. 


West .... 
North .... 
East 

Paris-Orleans . 
Paris Lyons Mediter- 
ranean .... 
South .... 
State .... 


80', 554 
34,426 


30,000 


16,831 


30,000 
102','385 

34,426 



If we recapitulate the number of sleepers from the forests of France 
and from those of other countries, consumed by the French railroads 
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for the six years between 1883 and 1888, for the maintenance and con- 
struction of the main lines, the following figures will be found : — 



Years. 


France. 


Other Countries. 


Totals. 


1883 . 

1884 

1885 

1886 

1887 

1888 


Traverses. 
■3,475,419 
3,823,332 
3,263,042 
2,533,807 
2,451,860 
2,461,675 


Traverses. 
1,097,370 
1,001,696 
896,583 
318,736 
490,767 
166,811 


Traverses. 
4,572,789 
4,824,968 
4,149,625 
2,852,543 
2,942,627 
2,628,486 



These figures show two very remarkable results attained during 
recent years ; in the first place, a considerable diminution in the number 
of sleepers consumed, a diminution which is due to the care taken by 
the companies for the maintenance of their roads, to the new methods 
adopted for the replacing of the sleepers, and to the preparation of all 
the varieties by means of creosote ; and, in the second place, an enormous 
diminution in the use of sleepers of foreign production. 



CHAPTER XXIV. 

ACCESSORY PEODUCTS— GUMS, THE WOEK OF M. FEEMY— 
EESINS—BAEKS— TAN— APPLICATIONS OF CORK. 

The products other than wood furnished by trees are numerous and 
important. These may be quoted : gums, barks, certain oils, sap, fruit, 
leaves, and different agricultural products. 

The principal of these only will be dealt with. 

GUMS. ' 

Certain neutral substances soluble in water, swelling considerably 
in this liquid, insoluble in alcohol and ether, and always uncrystallis- 
able, are designated under the name gums. 

Gums can be divided into three varieties : arahine, cerasine, and 
iassarine. 

Arahine CijHiiOn. — Of all the gums this is the most important. 
It appears in irregular fragments, upon breaking, brilliant and conchoidal. 
Inodorous, without savour, this substance is soluble in water, but insoluble 
in alcohol and ether. Its specific gravity is 1'4. 

In heating arabine at 130°, it is made to lose an equivalent of water ; 
it is transformed to an isomer of starch. 

Acids transform arabine into dextrine, then into glucose. By operat- 
ing at a high temperature, a mixture of acetate, formiate, and metacetonate 
of potash is obtained with potash. 

If distilled with lime, a mixtm-e of acetone and metacetone is 
produced. 

The arabine solution rotates to the left the polarised light.; if it is 
evaporated, a brilliant varnish is obtained. 

Arabine is precipitated from its solution by sulphate of peroxide of 
iron, nitrate of mercury, subnitrate and subacetate of lead. 

Combinations of arabine with alkalies and oxides of the alkaline-earths 
are soluble in water and precipitated by alcohol. 
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Arabinate of lead is a curdled precipitate, insoluble in water, which 
can be obtained by one of the three following reactions : — 

(1) By precipitating subnitrate or subacetate of lead by a solution 
of gum. 

(2) By pouring the nitrate of lead into a gummy solution, with a 
little ammonia added. 

(3) By digesting protoxide of lead with a solution of gum. 
Arabinate of copper is amorphous ; it is blue in colour. If its 

solution is boiled in water, no deposit of red copper oxide is obtained ; 
this is the characteristic reaction clearly distinguishing gum from' 
dextrine. 

Cerasine, Bassarine. — The first is of but little importance, and is 
imperfectly known. 

Bassarine is found in abundance in gum tragacanth. Treated with 
water, it forms a mucilage by swelling conBiderably. Submitted to the 
action of boiling water, it becomes converted into arabine ; an addition of 
nitric acid gives birth to mucilaginous acid. 

Gum Arabic. 

Gum arable is almost pure arabine. This product trickles naturally 
from several varieties of acacia. 

The Acacia vera grows in Arabia and throughout the whole of Africa ; 
this is it which produces the true gum arable. 

The Acacia arabica gives Indian gum. 

The Acacia Adansonii produces in Senegal a rather abundant red gum. 

The Acacia verek furnishes the largest part of the gum from Senegal. 

The Acacia gummifera provides the gum of Barbary. 

True Arabic Gum. — This appears in small white and transparent 
drops, cracking easily upon exposure to the air. 

Senegal Gum. — There are two kinds of this. The first — that 
of the shallovj river — is the most valuable. When it is well sorted, it is 
composed either of dry, hard, round, or oval drops, wrinkled upon the 
exterior, vitreous on the interior, and of a pale yellowish colour, or of 
larger, spherical pieces, not so dry and transparent, and of a colour 
bordering on red. 

This gum is quite soluble in water. Oxalate of ammonia abundantly 
thickens this solution, which is entirely precipitated by alcohol. 

The second gum, called high river, occurs in less regular pieces, often 
angulous and brilliant. 
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Pelliculated, green, shining, and mmnmilated gums may be cited as 
belonging to this species, and then the difl'erent gums of France, Barbary, 
Sicily, India, Australia, the Cape, Madagascar, Chile, etc. 

Cheery-Tree Gum. 

This gum is extracted from our fruit-trees — cherry, plum, and 
apricot. It oozes spontaneously from the trunk and branches of trees 
which are old. At first liquid and colourless, it becomes solidified and 
brown upon contact with the air. Water dissolves it in part only, and 
it forms a thick mucilage. 

G-UM TfiAGACANTH. 

This is drawn from a shrub {Astragalus verus) growing in the north 
of Persia and Asia Minor. It is a white or yellow substance, slightly 
soluble in water, in which it swells considerably, forming a thick mucilage. 



THE WORK OF M. FREMY. 

We will resume, according to the work of M. Fremy, the principal 
chemical points which have been observed in the gums : — 

(1) Gum arable is not a neutral direct principle. It should be con- 
sidered as the result of combination of lime with very weak acid, soluble 
in water, called gummic acid. 

(2) This acid may experience isomeric modification and become 
insoluble either by the action of heat or under the influence of concen- 
trated sulphuric acid. The name metagummic acid has been given to this 
insoluble compound. 

(3) The bases, and especially lime, transform this insoluble acid into 
gummate of lime, which presents all the chemical characteristics of gum 
arable. 

(4) The soluble calcareous compound forming ordinary gum can also 
experience by heat isomeric modification, and become transformed into an 
insoluble body, which is metagummate of lime. This insoluble substance 
again becomes soluble by the action of boiHng water or under the 
influence of vegetation. It exists in the vegetable organisation, and it is 
this which forms the gelatinous part of certain gums, like that of the 
cherry-tree ; it is found in the woody tissue and in the fleshy pericarp of 
some fruits. Its isomeric modification account for the production of 
soluble gums. 

(5) There exist in the vegetable organisation several insoluble 
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gelatinous bodies, which, by their transformations, produce different 
gums. Thus, the insoluble part of the gum of Bassora, modified by 
the action of alkalies, gives a gum which must not be confounded with 
gum arable ; the reagents establish between these two bodies marked 
differences. 

It is thought that gum is due to a malady of the tree arising from 
different causes, which all have for their effect the accumulating upon 
the same places of a too considerable quantity of sap. It originates from 
too abundant nutrition of the tissues. When the latter receive too much 
sugar, the young cells of the generating layer are reabsorbed. Air-cells 
full of liquid result, to which are mixed the contents of the dissolved 
cells, the membranes not completely liquefied, and cells entirely detached 
from the disaggregated periphery of these incidental cavities. 

At this time no trace of gum has appeared. This substance is but 
rarely or never discovered in air-cells surrounded by very young tissues. 
It is usually only rather a long time after reabsorption that the gum 
begins to present itself. It makes its first appearance at the periphery 
of the lacunae, in the form of colourless productions, often mammilated, 
of gelatinous appearance, which fill these lacunaj progressively. 

The sojourn of the gum in the bark, by maintaining constant damp- 
ness, becomes very pernicious ; fermentation is set up, the liquids become 
acidified, and contribute powerfully towards the destruction of the tissues 
in which they are spread. 

RESINS. 

These are inflammable matters more or less solid or viscous which 
flow from certain trees. They are distinguished from gums in so far that 
they are not soluble in water, which makes them very combustible. 
They can be classed in three categories : the liquid, solid, and cfum resins. 

The liquid resins, or balsams, contain enough essential oil to remain 
liquid : these are turpentine, copaiba balsam, Mecca balsam, and benzoin. 

The solid resins comprise animi resin, colophony, gum lax;, sandarac, etc. 

The most important gum resins are copal, elemi resin, gamboge, gum 
ammoniac, etc. 

The following are the principal resins : — 

American gomart resin {Bursera gummifera), coming from Martinique 
and Guadeloupe, employed in felting. 

Carnauba resin, from Guiana. 

Mani resin (Moronbea coccinea), abounding in Guiana, employed to 
caulk canoes and fix the iron of the poles. 

Sandarac, extracted in large quantity in the colony of Victoria from 



ACCESSORY PRODUCTS 381 

Callitris verrucosa. It is a resin of palish yellow colour, insoluble in 
water, but soluble in alcohol. It is composed of three acid resins. 

Zanzibar copal : this country is capable of providing more than a 
million kilogrammes of it annually. 

The gum copal of Gabon (Guihourtia), which is inferior in quality to 
that of Zanzibar, and which the natives gather in the sands of large 
plains, where forests were undoubtedly found, and to-day destroyed 
by fire. 

The resin of Ocoum^, produced from a tree of the terebinthaceous 
family, which is very common in Gaboon, where it serves for lighting; 
this resin can be employed in medicine and in the felting of hats. 

Orient copal {Valeria indica), coming from the Indies. 

Kauri resin {Dammara ovata), issuing from New Caledonia. 

The resin of Taberncemontana macrophyUe, also produced by this latter 
colony. 

Dhoona resin, extracted by incision from the S/iorea robusta, very 
extensive trees in the Indies. It costs about fourpence the kilogramme. 

Gum-lac, produced by the Coccus lacca, issuing from the Indian 
provinces Eamree, Akyab, Leydomey, Neypore, Pegu, and forming an 
object of considerable exportation. 

Black lac, extracted from the Melanorrhcea iisitatissima, forming a 
highly esteemed product, whose value, in the Indies, varies from 80 to 
180 francs the 100 kilos., according to quality. 

The resin of the black pine (Pimts austriaca), a variety of tree seldom 
met with but in the large forests of lower Austria. This resin is of 
superior qiiality. 

Australian kino, extracted from different varieties of trees of the 
Eiwalyptus family, in the colony of Victoria. 

The resin of the Pinus pinaster, collected in Italy. 

Finally, the resins of the maritime pine, gathered in France, com- 
prising the following specimens : — 

(1) Soft resin, or pasty gum, semi-liquid, trickling along the grooves 
made in the tree and gathered into earthen recipients. 

(2) White resin, or concrete gum adhering to the tree. 

(3) Barras, or concrete gum, not so pure as the preceding. 

The substance derived immediately from gum resins is turpentine, 
employed in perfumery and varnish-making. It is the soft resin sub- 
mitted to the action of the sun which provides, by simple decantation, 
the virgin turpentine. A superior product is obtained by collecting 
the oozing which operates through the staves of casks filled with soft 
gum. This produce is termed Venice pitch. 
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The distillation of the gum resins, which is done at a moderate heat 
in coppers with an addition of water, gives 16 per cent, of turpentine. 
This distillation, moreover, provides 75 per cent, of rosin, 2 per cent, 
of colophony, and 7 per cent, of pitch. 

The pitch, pyrogeneous oils, and tar, which are also prepared in the 
waste lands of Gascony, are obtained by direct distillation of the dSris 
of manipulation. 

The rosin also serves to make lubricants for greasing the axles of 
carriages or machines. Candles are also made from it, and are principally 
sold in Brittany. 

BALSAMS. 

We will resume, with regard to the interesting part of the subject 
now engaging our attention, the remarkable work published by M. 
Fremy in reference to balsams. 

These resinous substances are not always characterised, as' has for 
some time been thought, by the presence of benzoic acid, for two very 
distinct varieties of balsams exist, namely — 

(1) Balsams with cinnamic acid base. 

(2) Balsams with benzoic acid base. 

Balsams exposed to the air become thickened by degrees, being often 
even completely solidified. They may be considered as mixtures of 
essential oil, different resinous matters, and cinnamic or benzoic acid. 

Amongst the pure benzoic-acid balsams may be mentioned benzoin. 
Balsam of Peru contains, on the other hand, only cinnamic acid. 

Balsam of Peeu. 

This is found in commerce' in two conditions — liquid and solid. 

Liquid balsam of Peru contains two interesting substances : the liquid 
one has been called cinnami-ne, and the other, which is solid and crystal- 
lisable, has been termed tnetacinnamine. 

In order to obtain pure cinnamine, recourse can be had to one or the 
other of the following methods : — 

(1) A concentrated solution of potash is added to the liquid balsam 
of Peru, and it is briskly agitated. A brown magma is formed which is 
a mixture of resinate and cinnamate of potash, insoluble in cinnamine, 
which is thus found isolated and is immediately decanted. 

(2) The balsam of Peru is dissolved in alcohol at 36°. An alcoholic 
solution of potash is added to the liquor ; the cinnamate of potash 
remains dissolved in the alcohol, whilst the resinate of potash is pre- 
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cipitated. The alcoholic liquor treated with water allows the cinnamine 
to precipitate. 

The cinnamine is liquid, slightly coloured yellow; it boils at 305°. 
Its odour is weak and agreeable ; very slightly soluble in water, but very 
soluble in alcohol and ether. Its formula is Cs^HjgOg. 

Submitted to the action of potash, this substance undergoes a sort of 
saponification, and becomes transformed into cinnamate of potash, by 
creating peruvine, which is a neutral body. 

Sulphuric acid transforms cinnamine even cold into another resinous 
substance C54H30O12, which only differs by four equivalents of water fixed 
in this reaction. 

Nitric acid transforms cinnamine into a yellow resin, producing at 
the same time a certain quantity of essence of bitter almonds. Placed in 
a receiver full of oxygen, the cinnamine absorbs this gas, and becomes 
transformed into cinnamic acid. 

Peruvine has for its formula CigHijOj ; it contains four equivalents 
of hydrogen more than hydride of cinnamyle. It is liquid, and boils 
at 180°; lighter than water, very volatile, and slightly soluble in water, 
it is very soluble in alcohol and ether. Its odour is agreeable and 
aromatic. Nitric acid transforms it into hydride of benzoin. 

Meiacinnamine is a crystalline substance met with in some specimens 
of balsam of Peru ; it is an isomeric matter of hydride of cinnamyle. 
Insoluble in water, soluble in all proportions in alcohol and ether, it is 
easily transformed by potash into cinnamate of potash. Gaseous chlorine 
attacks it and gives chloride of cinnamyle. 

Balsam of Tolu. 

This is extracted by incision of the bark of the Toluifera bdlsammn, 
met with in South America. This balsam is yellow, and its balsamic 
odour is agreeable. Sometimes viscous like turpentine, sometimes 
hard like benzoin, it contains a resinous substance appearing to be a 
mixture of several resins. 

The free acid of the balsam of Tolu is pure cinnamic acid. 

The resinous part is formed of two distinct resins : one (a) is very 
soluble in cold alcohol, the other (;S) being slightly only soluble. 

Resin (a) CggHigOg is obtained by draining the balsam through cold 
alcohol, then evaporating it. It is brown, brittle, soluble in ether and 
alkalies. 

Resin (/3) CggHaoOio, which is insoluble in alcohol, is very brittle, and 
is easily dissolved in potash. 



384 TIMBER 

These resins, distilled with precaution in the presence of caustic soda, 
provide toluene CijHg. Treated with nitric acid, they give essence of 
bitter almonds. 



Benzoin. 

This balsam is extracted, by incision, from a variety of styrax, 
common in Sumatra and the kingdom of Siam. It contains several 
different resins, benzoic acid, and an essential oil of agreeable odour 
analogous to the hydride of benzoyle, forming by oxidation benzoic acid. 

Benzoin submitted to distillation gives rise to several oils, amongst 
which benzoic ether is found. This ether probably comes from the sugar 
of the plant which, by its fermentation in the presence of benzoic acid, 
has produced benzoic ether. The products of this distillation contain, 
moreover, phenio acid. 

The action of nitric acid upon benzoic gives derivatives belonging to 
the benzoic and phenic series. Sulphuric acid produces a conjugated 
acid and two resins. 

Benzoin serves in the preparation of benzoic acid; it enters into the 
composition of the balsam of the commander. 

TURPENTINES. 

These are natural compounds formed by the mixture of an acid resin 
of soft consistency with an essential oil. The majority come from 
the Coniferae family, the principal being — 

Bordeaux turpentine, belonging to the Finns maritima ; it is of dis- 
agreeable odour, and of sharp and bitter savour. 

Venice -pitch, coming from \h& Pinus ficea; it is transparent, and its 
savour is bitter. 

Ordinary or Vosges turpentine trickles from the Pinus larix. 

Boston turpentine comes from the Pinus Australis. 

American turpentine issues from the Pinus strobus. 

Hungarian turpentine from the Pinus mughus. 

Canadian balsam comes from the Abies balsamea ; it is almost colour- 
less and of bitter savour. 

Mecca balsam trickles from the Balsamodendron gileadense and 
opobalsamum. 

Chio turpentine is produced by Pistacia terehenthus ; it is of greenish- 
yellow colour, of agreeable odour, and of perfumed savour. 

Copaiba balsam comes from Copaifera ojicinalis. 
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ORDINARY TURPENTINE. 

In order to extract this substance from the Pinus larix which 
produces it, a band of bark 12 cms. broad by 30 high is removed, a 
little distance from the ground. An incision of some millimetres is made, 
and a small earthen pan is placed underneath, into which the turpen- 
tine flows. When the sprouting is stopped, a fresh incision is made 
above the first one, and so on, rising up to a height of 16 ft. 

A tree in the Landes lasts for seventy-five years, giving each 
year about 4 kilogs. of turpentine. The turpentine is always mixed 
with woody matters ; it is purified by exposing it to the sun and water 
vapour, and decanting it when it has become liquid. The soHd part is 
distilled in cast-iron or copper apparatuses ; it is this which gives the 
essence. For 100 of turpentine, 12 of essence and 88 of resinous 
matter, known as rosin or colophony. When the wood is drained it is 
cut into pieces, and in distilling it a tar is obtained which, mixed with 
pitch, is useful in the caulking of ships. 

COLOPHONY OR ROSIN. 

This resin is not a pure direct principle ; it contains sometimes two, 
sometimes three isomeric acids, bearing the names of 2nnic, pimaric, and 
sylvic acids. 

The pinic acid constitutes the amorphous resin contained in colo- 
phony ; it is very analogous to sylvic acid. 

In order to prepare it the colophony is treated cold by alcohol at 
72°; then the acetate of copper is poured into the solution. Pinate 
of copper is precipitated ; it is collected on a filter, and afterwards 
decomposed by a mineral acid, after having been carefully washed. 

Sylvic acid is insoluble in water, and soluble in ether, concentrated 
acetic acid, and oil of naphtha. It dissolves towards 125°, and com- 
bines with alkalies. 

If a solution of sylvic acid is left to settle in alcohol, a deposit of 
oxysylvic acid is obtained. 

The sylvic acid is obtained by draining warm through alcohol the 
residues of the pinic acid preparation. The alcoholic extract gives, by 
the cooling of the rhomboidal sheets, sylvic acid. 

Turpentine, which flows from the Pinus maritima, contains instead 
of pinic acid, another acid, namely, pimaric acid. This crystallises in 
straight prisms with rectangular base; soluble in boiling alcohol and 
ether, it also dissolves towards 125°. 
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Submitted to distillation, pimaric acid gives sylvic acid and pimarone 

When this acid is treated with nitric acid, azomaric acid is produced, 
which is yellow, amorphous, resinous, and insoluble, its formula being 
^m^wi-^^^di^s- Azomaric acid is bibasic ; its salt, which is ammoniacal 
and very soluble, dries in transparent plates, of an orange-red colour. 

Distillation decomposes colophony; 1400 kilogs. of rosin give, 
when distilled, 40 kilogs. of essential oil, 400 kilogs. of slightly volatile oil, 
and 900 kilogs. of tar. 

The products from this distillation contain four different carbides of 
hydrogen — retinaplitha, C^jITg ; retinylc, CioHjj ; retinole, CggHu ; and the 
isomeric metanaphthaline of naphthaline. The mixture of these different 
carbides bears the name oil of resin. 

The part of this oil which boils between 108° and 150° is a 
mixture of retinaphthane and retinyle, which is employed in commerce as 
a substitute for turpentine in certain of its applications. 

The second portion of the oil, boiling towards 240°, is retinole, 
and is useful in the making of certain printing inks. 

Mixed with lime, it forms a kind of tallow known in commerce under 
the name black tallow. 

Among the gases evolved during distillation of colophony, ethylene 
and butylene may be mentioned. 

The resin oils are employed in the making of resin gas, which 
possesses a bright and very intense power. 

M. Fremy, by distilling colophony with lime, obtained two liquid 
substances: one — resinone — boils at 78°; the other — resineone — at 
148°. Carbonic acid is besides formed, remaining joined to the 
lime. 



BLEMI.. 

This name has been given to several yellow and odorous resins 
issuing from the Terebinthacete family. The elemi of conmierce com- 
prises : 

(1) Crystallisable resin. 

(2) A resinous, amorphous substance C^oHgoO^. 

(3) Variable quantities of isomeric essential oils, with essence of 
turpentine. 

Crystallisable resin is white, soluble in concentrated and boiling 
alcohol. Elemi contains 30 per cent, of it. The amorphous resinous 
substance, which is very soluble in cold alcohol, reddens litmus paper. 
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RESIN OF THE TAR-TREE. 

This matter, issuing from the Ganarium album, is grey, glutinous, 
and of agreeable odour ; it contains four different substances : 

(1) Amyrine, a resinous matter insoluble in alcohol, slightly so in 
cold alcohol, and very soluble in boiling alcohol and ether. 

(2) Breine, which is soluble in alcohol and ether, insoluble in 
water, fusible towards 190°, and crystallising in oblique rhomboidal 
prisms. 

(3) Bryoidine, a neuter and bitter resin, crystallising in silky fibres, 
fusible towards 140°, volatile, and very soluble in alcohol and 
ether. 

(4) Breidine, crystallising in transparent rhomboidal prisms, and 
soluble in water, alcohol, and ether. 

COPAL RESIN. 

This is the most important of the gum resins ; it is useful in the 
preparation of hard varnishes of good quality. It is collected upon the 
Hymenma verrucosa. Very hard, almost colourless, with neither odour 
nor savour, it has for its density 1'139. Almost insoluble in anhydrous 
alcohol, it finishes by being dissolved in ordinary boiling alcohol; the 
ether swells this matter, and afterwards dissolves it. 

Copal resin, brayed in the air, then dried in a stove for a month, 
absorbs the oxygen of the air, and becomes very soluble in ether and even 
alcohol. This property is utilised for its industrial employment. 

Courharil resin, or tender copal of India, comes from the Hymenaa 
courTiaril; it is met with in white globular sheets, fusible at 140°, 
soluble, cold, in essence of turpentine and' almost insoluble in anhydrous 
alcohol. 

A tender copal, of pale yellow colour, is imported from America, 
whose brilliancy is vitreous, colour agreeable, and which is soluble in 
boiling alcohol. 

Several oxygenated essential oils, notably essence of lavender, rose- 
mary, and peppermint, possess the property of softening the copal at 
the ordinary temperature and of incompletely dissolving at a high 
temperature. 

Distillation of copal produces an oil having as its composition 
CjoHig, and boiling at 165°. This oil, whose density is equal to 0'951, 
dissolves caoutchouc and resembles the oil of yellow amber, 
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GUAIACUM. 



This resin is of greenish brown, friable, soluble in alcohol, ether, and 
essence of turpentine. Its odour is similar to that of benzoin, and its 
savour is bitter. 

Nitric acid dissolves guaiacum root, and colours green ; water deter- 
mines in this liquor the formation of a green precipitate, and the re- 
mainder of the solution becomes blue. A larger quantity of water 
browns the liquor, and turns the colour of the precipitate, which becomes 
blue. 

Guaiacum resin is easily soluble in potash and sulphuric acid. Sub- 
acetate of lead precipitates it completely from its alcoholic solution. 

The sulphuric solution of guaiacum resin is red, and water being 
added throws down a violet precipitate. 

Guaiacum resin has for its characteristic property the colouring blue 
under the influence of the violet rays of the spectrum and of becoming 
discoloured by red rays. The same phenomenon is immediately pro- 
duced by chlorine. 

Tincture of guaiacum is blued by perchloride of iron ; this coloration 
passes to violet under the influence of hyposulphite of soda, then after- 
wards totally disappears. 

The vapours of nitric acid colour the guaiacum tincture blue, and 
this very appreciable reaction may reveal the presence of nitric acid. 

BARKS — FLAYING. 

Those forest varieties whose bark is utilised by commerce are rather 
numerous. The following may be mentioned: the oak, cherry, wild 
cherry, birch, alder, linden, elm, and pitch pine. These barks are 
employed in the tanning of leather, which subject will be touched upon ; 
the two last serve principally in the preparation of Eussian leathers. 

Moreover, the bark of the lime and elm is useful in the making of 
mats, carpets, and especially ropes. That of the birch and wild cherry- 
tree is employed for snuff-boxes, soles of shoes, and the harness of 
horses. 

All these products present but little importance if compared with 
those given by the oak, furnishing barks fit for tannage and cork- 
making. 

It is recognised to be time to proceed to the flaying when the buds 
begin to swell, to open and allow the first leaves to appear. Strictly, the 
operation can be continued until complete fading of the leaves ; but the 
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bark is not then detached so easily, it is not so rich in tannin, and con- 
sequently loses its value. 

For a long time, flaying was proceeded with in a very primitive way, 
consisting of making circular incisions on the trunk of the tree, and 
afterwards detaching the bark by the aid of a spatula. The trees 
are sometimes stripped as they stand, and sometimes after they are 
felled. 

Whichever is done, this mode of procedure is primitive, and mechan- 
ical flaying has been sought after, especially on a large scale. 

M. Maitre, relying upon the action of damp and heat upon woody 
layers, proposed steam so as to effect this kind of work in all seasons. 

The appliance at first employed with this object is very simple. It 
consists in a sheet-iron vertical cylinder divided into two compartments. 
In the lower compartment there is a grate ; the upper one is simply 
a copper. 

There is a cover on this copper pierced by two holes, and furnished 
with a sheet-iron tube, so that the vapour produced can penetrate alter- 
nately into the compartments or casks where the wood is placed that is 
to be stripped. At the end of forty or fifty minutes' heating the timber 
is sufficiently steamed to be submitted to the peeling process. 

This wood, in fact, closed in the compartments, is heated by contact 
with the vapour ; the dampness distends the pores, and, at a given time, 
it has all the properties of wood in good sap, and can be worked without 
loss of time and without fear of producing waste. 

This first apparatus has been perfected in the following manner ; — 
The grate is arranged with a return of the flame. Above the copper 
a wooden chest is established furnished with sheet-iron, and divided into 
two compartments, each of which is capable of containing half a st^re of 
wood. The chest is separated from the recipient by a kind of framework, 
and the whole appliance is transportable. 

So as to be able, in case of necessity, to make a single compartment 
work, a register of galvanised sheet-iron has been arranged in the lower 
part of the chest, with a piece of iron as a handle, which permits of open- 
ing or intercepting alternately all communication of the steam between 
the copper or one and the other compartment. A double cylinder 
clamping the chimney receives the water destined for alimentation. The 
water is heated by the smoke and gases coming out of the chimney. It 
is diverted into the copper by means of a cock in a continuous manner ; 
it is renewed from hour to hour by the aid of a pump. The first charge 
lasts about half an hour ; the following ones not quite so long. 

The bark thus obtained leaves nothing to be desired from a physical 
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point of view : its quality is excellent, for the steam, in these conditions, 
cannot change the tannic principles contained in the vegetable fibres. 

With this" system felled timber can be barked beyond the time of the 
sap and a long time after felling, which could not be done by ordinary 
processes. 

TANNING MATERIALS. 

The tanning materials are extracted from the vegetable kingdom, and 
principally from the barks of certain trees. There is a considerable 
number of them ; but only the most important will occupy our attention. 

The barks employed in European tanneries are those of the ordinary 
oak, the cork-tree, quebracho, chestnut, pine, fir, birch, and alder. 

Algeria produces numerous kinds of barks, employed by the Arabs in 
the preparation of their leathers, and notably of the different sumacs 
extracted from the Rhus coriaria, Rhus glabra, Rhus pentapliylla, a large 
quantity of oaks, etc. The exploitation of these barks is carried out on a 
large scale, giving rise to an important exportation. 

A tannate matter which is the object of a large trade in Asia is the 
areca nut, also called betel-nut. 

This nut contains a deal of tannin ; it is the fruit of an elegant palm- 
tree met with also in the French colonies of Martinique and Guadeloupe. 

Acacia barks can also be ranged amongst the tanning matters. The 
principal are those of the Acacia arahica, called by the Indians Babool 
barks ; those of the Acadia catechu and Acacia farncsiana ; and finally, 
those of the Acacia horrida, employed at the Cape of Good Hope. 

The pods of the Acacia nilotica, called " nib-nib," also serve in Nubia 
for leather preparation. 

The barks of the Acacia dealbata and the Acacia nielanoxylon are 
largely used for tannage in Tasmania, where these trees are numerous 
and attain a good height. 

The barks of the Antilles oak {Gatalpa longissiina), the maiigo-tree 
{MaTigifera iiidica), the conocarpes (Conocarpus arhorea), the Bucida, the 
badamier (Tertninalia catalpa), the barks and leaves of the mangrove 
(Rhizophora mangle), and the barks of tan wood {Malpighia spicata) are 
also tanning materials collected in Martinique and Guiana. 

In British Guiana, the barks of the Mora excelsa, the Spondias lutea, 
and (Jifferent JVectandrd are employed. 

Eeunion produces as tanning materials the bark of the black 
wood {Acacia leblelc), the flao (Gasuarina equiseiifolia), the bancoulier 
(Aleurites triloba), matting wood {Imbricaria maxima), and false benzoin. 

The name " Algoraba " is given to the seeds of the Prosapis palida, 
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which are rich in tannin and largely employed in the tanning of skins at 
Valparaiso. 

The fruit of the citrine mirobolan (TerviinaUa chehula) and of the 
Terminalia hallerica is also the object of an important trade for the 
preparation of leathers in India. 

Dividivi or dibi-dibi is the seed of the Gcesalpina coriaria, which 
IS the object of considerable commerce at Maracaibe and Savanille. 

Kino is an exudation largely employed for tannage in Bengal ; it is 
produced by the Sterocarpus marsupium. 

A kino is also known in Africa produced by the Sfrrocarpus 
erinaceus. At Gaboon an excellent kino is drawn from the sap of a 
Myristica called by the natives combo. 



OAK BARKS. 

This is the most important of the tanning matters. 

Tan is a product useful for the transforming of skin into leather. 
Tannin, properly so called, is an essential principle of the tan, and is met 
with in the majority of the vegetable astringent substances, principally in 
the barks of oaks, and especially in the different excrescences which are 
formed as a result of the attacks of insects upon the young branches of 
several varieties of oaks, and which are called oak-galls. 




Fig. 167. 
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Fig. 168. 




Fig. 169. 
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When the bark of the oak is ground it is termed tan. 

In order to bring the bark to a suitable condition for its utilisation 
in tanning pits it has to undergo several preparations of pounding and 
trituration, which are generally carried out by the aid of machines, 
represented by Figs. 167, 168, 169, IVO, and 171. 




These illustrations explain themselves, and enumeration merely is 
necessary. 

Pig. 167. Machine for pounding wood and bark. 

Fig. 168. Machine for triturating ta,nning timber; the force em- 
ployed is about four horse-power for a production of 350 kilogs. 
the hour. 
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Fig. 169. Tanning pestles ; force employed : one horse-power per pestle. 

Fig. 170. Tanning mill. 

Fig. 171. Tanning mill; nut system. 




i; Cm'^'"' 



Fig. 171. 



The bark of the oak ground, or the tan, contains, on an average, the 
following quantities of tannin : — 



Wrinkled bark, with external cortical layer 
Layer of liber of the old bark . 

Internal layer 

External and internal layers 
Layer of liber and external layer 
Internal layer . . ... 
Internal layer 



Tannin per cent. 


Age of Trunks. 


11-0 


41 to 52 


14-3 


41 „ 63 


13-2 


41 „ 53 


11-7 


41 „ 53 


13-9 


41 „ 53 


13-9 


14 „ 15 


15 -8 


2„ 7 
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In the United States tan is extracted from four different kinds of oak. 

The first is Spanish oak, Icnown under the name of red oak. Its 
bark, which is thick, black, and with deep burrows, is prepared for coarse 
leathers, which it renders more supple and of a better colour. 

The second is the rock chestnut, which is very abundant in elevated 
districts. Its bark is thick, hard, and has deep burrows. It differs 
from other barks in that the epidermis contains more tannin, which, 
in the other varieties, is found principally under the interior layers. 

Quercitron, or hlach oak, follows, the bark of which is scarcely 
serrated, bitter, and deeply furrowed ; it is of a rather pronounced brown 
or black colour. Quercitron is rich in tannin, and is commonly 
employed. Finally, the American tanners also employ the barks of 
scarlet (holm-oak or kermes oak), grey, and evergreen oaks. 

In Europe and Northern Africa the barks of the cork-tree, zeen, 
evergreen, and kermes oaks are employed for tan-producing. 

Tan of the Coek-Tree. 

The tanning bark of the cork-tree is formed by the interior portion of 
the cortical system comprised between the sapwood and the suberose 
portion. It is only collected on old trees or plants of medium age 
which hav^ not been barked previously. Its thickness varies from 10 
to 50 mms. It comprises the liber and cellular envelope, whose external 
portion is constituted by strongly incrustated cells forming a tissue of 
ochreous-red colour, in which the major part of the tannin is found. 

In practice, the abundance of this product is estimated by the 
intensity of the red coloration of the bark. 

In general, the stronger the thickness of the exterior part of the 
cellular envelope, the more tannic acid is there. 

Analyses of barks considered from a commercial point of view as 
moderately rich have given 19 per cent, of tannin. 

The exploitation of the tanning bark in cork-tree forests is carried 
out on the old varieties, whose age or state of vegetation does not 
permit of stripping. These trees intended to be felled are left on one 
side at the time of stripping, then sold each year. 

Gathering takes place from the 25 th of May to the 1st of September 
each year. The trees are felled, the cork is removed, and afterwards the 
tanning bark. After having been detached from the tree in pieces cut 
as regularly as possible, the bark is stretched in the sun. The duration 
of desiccation varies from three to five days. This is the most delicate 
part of the operation ; it is necessary to keep the bark from the action 
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of dampness, for wetted tan becomes black. It is covered by mouldiness, 
which may communicate with the healthy barks and deteriorate them by 
decomposing the tannic acid which they contain. 

The blackened bark loses a considerable part of its value, and 
depreciates the merchandise in which it is met with. 

Tanning barks of Algeria and Tunis are exported. The sale price 
at Bona, which was from 11 francs the metric quintal in 1866, reached 
18 francs in 1888. 

The expenses of exploitation and transport in Tunis may be esti- 
mated as follows : — 

Francs. 
For bark transported to Bona : 

Exploitation in the forest j putting it into sacks , . . 3'50 

Cost of sacks and string ....... 0'20 

Unlading in forests, to collect the bark .... 0'15 

Transport by beasts of burden to an average distance of, 

roughly, 20 miles . . . . . . . . 2'75 

Clearing of cuttings at 50 centimes per tree . . . O'SO 

Average purchase price . . . . . . . 6'15 

General expenses ........ 



Net total . . 13-05 

The tanning bark of the cork-tree is exported to Italy, Portugal, 
and England. At equal weight it contains more tannin than that of 
other oaks, excepting the root of the kermes. 

Teathers treated with this bark have their pores more compact, 
are firmer, and not so changeable by damp. They are more of a rose 
colour, but this excess of coloration has no importance, for they are 
only employed in the making of soles of boots. 

It is admitted in Italy that tannage with the bark of the green oak 
or oaks with caducous leaves requires a duration of twelve to fifteen 
months, whilst ten suffice when the bark of the cork-tree is used. 

Italy consumes annually 8000 metric quintals of tanning bark of 
the cork-tree, Portugal 20,000, and Ireland about 10,000. 

The countries of production are the following, which provided in 
1888— 

Quintals. 

Sardinia . 45,000 

Spain . 5,000 

Algeria ... 45,000 

Tunis ... 45,000 

140,000 



ACCESSORY PRODUCTS 



397 



The Sardinian forests are getting exhausted, but those of Spain, 
Algeria, and especially Tunis can, for many years to come, be sufficient 
for the greater part of the consumption. 

In Tunis the results of the four last years are the following : — 





188B. 


1886. 


1887. 


1888. 


Number of trees cultivated . 


21,406 


8,039 


23,450 


21,855 


Quintals of bark gathered 


31,838 


10,874 


36,446 


42,605 


Average yield per tree . 


148 k. 


135 k. 


155 k. 


195 k. 


Maximum yield .... 


257 


231 


307 


320 


Minimum yield 


81 


. 110 


71 


125 


Total sale price .... 


158,706 f. 


64,386 f. 


240,189 f. 


308,080 f. 


Average sale price per tree . 


7 f. 40 c. 


8f. 


10 f. 20 c. 


14 f. 


Maximum ,, ,, 


10 f. 15 c. 


10 f. 


14 f 


19 f. 


Minimum , , , , 


4 f. 75 c. 


7f. 


5 f. 30 c. 


7 f. 40 c. 


Sale price per metric quintal on the 


5f. 


5 t 90 c. 


6 f. 60 c. 


7 f. 20 c. 


spot 











Tan of the Kekmes Oak. 

The bark of this oak is very rich in tannin. 

The following figures can, on an average, be relied on : — ■ 

Bark of young oak ". . . . . 11 per cent. 

Bark of oak of average age . . . 15 ,, 

Bark of roots ....... 22 ,, 

The stems are generally too small to be exploited. Only the bark of 
roots is collected, which bears, in commerce, the name garouille. The 
consumption of garouille is about 25,000 metric quintals yearly. 

The regions where it is employed are Provence, which lays in a 
supply on the spot; England, which purchases 10,000 quintals of it; 
Belgium and the North of France, which import 10,000 quintals through 
Antwerp and Havre. 

This tanning matter is only employed by tanners making heavy 
leathers. 

The countries of production are the South of Prance and the States 
of Barbary. France produces annually about 2000 quintal. In Africa, 
exploitations are almost limited to the Province of Oran, which ships 
every year 15,000 quintals to Oran and 5000 to Mostaganem. 

The trade in garouille is influenced by the variations of production of 
the other tanniferous barks, such as the valonia, quebracho, and myra- 
bolans. ' Generally the purchasing price of garouille oscillates between 1 3 
and 18 francs the 100 kilogs. in the ports of shipping. 

Extraction is rather expensive, but as the kermes are usually on the 
borders of the sea, the saving effected upon the transports compensates 
for the high price for extraction. 
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QUEBEACHO. 

In the order of importance of tanniferous barks, we place next 
the quebracho, which has ah-eady been dealt with. 

It is an excessively hard, red wood, very resistant, and slightly 
brittle, found in abundance in Brazil and the Argentine Eepublic. 

From a chemical point of view, quebracho contains a special tannin 
different from those of the oak and chestnut. It contains besides a resin 
of a violet colour bordering on red and even on black. Treated with 
water, it abandons 25 per cent, of its weight of soluble matters. 

Quebracho Colorado contains 16 to 19 per cent, of tannin. 

Quebracho bianco „ 12 „ 13 „ „ 

Besides, it contains colouring matters which it is very difficult to 
separate, and which are very harmful in its employment, for they give to 
the leather a disagreeable red tint. 

In spite of that, however, Europe actually consumes it to an amount 
exceeding 6 million francs. 

Once ground, quebracho wood rapidly loses in the air its richness in 
tannin ; but if it is in logs, this phenomenon is not produced. 

The bark of this wood is not rich in tannin; the useful portion is 
the red part, which appears when the bark and white sapwood (which is 
very hard) is removed by the axe. 

The tannin of quebracho precipitates the gelatine into clear colora- 
tion, the salts of protoxide of iron into ashy grey, and the salts of 
sesquioxide of iron into dirty green. Concentrated sulphuric acid, added 
drop by drop, furnishes a rose-coloured liquid. 

Chestnut-Tree Tan. 

Finally, we have to deal with the chestnut-tree from the point of 
view of its exploitation as a tanning matter. 

It was in 1888 that the tanniferous property of the wood of the 
chestnut-tree was discovered. In order to make the extracts the wood 
of old trees split into logs is employed, which must contain neither 
rotted nor dead wood, nor small running roots. The logs should be very 
clean; their length should be between 0'50m. and 1'50 m. at the most. 

The rejected wood is the trunk roots of the tree, which, however, 
contain most tannin, but this wood is difficult to work, to cut up, and 
triturate. 

The wood of the green chestnut, with 75 per cent, humidity upon 
the trunk, contains 4 per cent, of tannin. 
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Ordinary wood with 40 per cent, water contains 6 per cent., and wood 
completely dry contains from 8 to 9 per cent. 

During desiccation a part of the tannin becomes resinified, especially 
at the commencement. Chestnut trees of the North are not so rich in 
tannin as those of the South and West, nor as those indigenous to depart- 
ments of the East. 

A hundred kilogs. of wood give 25 kilogs. of extract at 30° Bd, which, 
theoretically, should be equivalent to 20 per cent, of tannin, though 
in practice it hardly surpasses 17 per cent. These hundred kilogs. give 
10 kilogs. of dry extract comprising 50 per cent, of tannin. 

Extract manufactories should naturally be established near the places 
of exploitation-. To make on an average 10,000 kilogs. per day, or 
3,500,000 yearly, an annual expense of about 180,000 frs. for general 
expenses can be relied on ; the price of the raw material has to be added 
to this, which is rather variable, and for which the cost of transportation 
is about 50 per cent. Everything included, a net price of about 15 frs. 
per 100 kilogs. of ordinary extract, with 1 5 per cent, tannin, is arrived at. 

The average richness in tannin of the principal tanning material is 
indicated in the following table : — 





Per cent, of 




Tannin. 


Aleppo galls . . ... 


60 to 77 


Chinese galls ... 


. 58 „ 77 


Smyrna galls ...... 


33 „ 60 


Bombay cutch . . ... 


54 


Bengal cutoh. .... 


38 


GamWer cutch 


38 


Sumac (first quality) ... 


16 


Sumac (second quality) 


13 


Dividivi ... ... 


16 


Beblah (Indian galls) .... 


14 


Quebracho wood ... 


12 to 19 


Chestnut wood . 


4 „ 9 


Bark of young oak . 


11 „ 13 


Bark of pine 


8 


Bark of fir 


4 to 8 


Bark of elm .... 


3„ 4 


Bark of alder . . . • . 


3 „ 5 


Bark of beech . . ... 


2 



DoisiNG OF Tannins. 



There are numerous processes employed to determine the richness in 
tannin of the substances employed by commerce ; we will limit ourselves 
to pointing out the following : — 
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A certain weight of tanning matter to be tried is weighed ; it is 
then drained through water, and dilutes to 1 litre with distilled water ; 
40 C.C. of it is taken, which is precipitated by an excess of acetate of 
zinc dissolved in an excess of ammonia. The whole is carried to 
ebullition, then evaporated to a third of the primitive volume ; the 
liquor, after cooling, is filtered ; the precipitate of tannate of zinc is 
thus separated, which is afterwards washed in boiling water, then dis- 
solved in diluted sulphuric acid ; a solution of titrated permanganate of 
potash is added until a persistent rose coloration is proved. 

This permanganate solution is titrated by means of a solution of 
1 grm. of pure tannin in a litre of water. 

If, therefore, 20 c.c. of this tannin solution require 10 c.c. of per- 
manganate of potash, it will be concluded that 1 c.c. of titrated liquor 
corresponds to a richness in tannin equal to 0"002 grm. If we suppose 
that the 40 c.c. of liquor may have necessitated the addition of 15 cms. 
of permanganate, it will be concluded that there was 0"030 grm. of tannin, 
or for 1000 c.c. 0"75 grm. of tannin. 

Specific gravities of tannic acid solutions at 15°: 



Specific Grav 


ty. 


Acid 


per 


cent. 


Specific Density. 


Acid per cent. 


1-0040 






1 




1-0242 


6. 


1-0080 






2 




1-0283 


7 


1-0120 






3 




1-0325 


8 


1-0160 






4 




1-0367 


9 


1-0201 






5 




1-0409 


10 



Employment of Waste Tan. 

When the tan has been spent it contains only the woody part, 
and is generally used as fuel. 

In general, to employ the tan for this purpose it is compressed when 
still damp in iron moulds, which transform it into turfs ; these are 
afterwards dried in the open air; they burn slowly, giving plenty of 
ashes. It is a valuable combustible for poor people, on account of its 
low price. 

It can be admitted that the organic matter of the spent tan presents 
in a few things nearly the composition of wood, which would give it for 
dry waste tan the following figures : — 

Carbon . . . . . 0-469 

Hydrogen . ... 0-056 

Oxygen . ... . 0-395 

Ashes 0-080 

1-000 
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The calorific power of this waste tan would be about 4000 calories. 
Now, that coming out of the pits contains at least 70 per cent, of water. 
Industrially, it is only employed after desiccation in the open air, or after 
having been dried by its passage through a rolling-mill press like that 
represented in Fig. 172, which requires a force of about three horse-power 
to manipulate it. 

In these conditions about 5 per cent, of primitively contained water 




Fig. 172. 

is carried off. It is therefore seen that this will never be a very useful 
combustible, of mediocre interest only in certain special cases, but which 
requires, for its utilisation, special grates, upon which it is not necessary 
to dwell here. 



APPLICATION OF CORK FOR STOPPERS. 

The manufacture of corks dates from the seventeenth century — a 
time when the use of glass bottles commenced to be widespread in 
domestic life. 

Spain and Portugal are looked upon as being the nations who first 
utilised their cork-tree forests with this object. Catalonia is regarded as 
the home of the cork industry, even at the present day holding the first 
rank from a commercial point of view, its products being greatly in 
demand. 

It has been seen that before the French occupation, the Algerian 
cork-tree forests were not the subject of any exploitation whatever under 
26 
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Turkish rule, the natives by no means profiting by the wealth of the 
forests, the value of which they were ignorant of. Timber, and cork 
especially, whose commerce was almost unknown, only constituted quite 
accessory products, which were mostly used as fuel. 

To-day all these forests are submitted to judicious exploitations, 
which permits of their producing excellent results. 

Immediately after d^masclage the cork which has been gathered is 
transported to the works. In proportion of the arrivals, the cork is 
piled up in regular and rectangular heaps ; this piling up by submitting 
the still bent slabs to a certain pressure, flattens them, rendering their 
manipulation easier. 

Before being delivered to commerce, the cork undergoes different 
operations, namely, hoiliTig, scraping, visage, or classification, and finally 
pacldyig. 

The object of the boihng is to make the cork swell, to contract the 
pores, and increase its elasticity. This operation is effected in large 
rectangular coppers, usually about 6^ ft. in size. They are heated by 
the dilris of the cork and roots. Above the copper, a heavy boarding 
formed of joists is actuated by means of pulleys, and this is intended 
to press down on the cork and keep it under water when the copper 
is charged. 

To proceed to boiling, the copper is half-filled with water, then the 
cork slabs are so arranged so as to leave the least empty space possible. 
When the charging exceeds by 50 cms. the height of the walls sur- 
rounding the copper, the boarding is lowered so as to make it form a 
covering, and the cork is allowed to boil for about three-quarters of an 
. hour ; the boarding is then hoisted and the cork taken out, which is 
almost completely flattened. 

Scraping, which follows afterwards, has for its object the clearing of 
the back of the slab of the woody part of the bark, which is unfit for 
use and which would charge the cork with useless weight. Scraping is 
either done by hand or machine. 

The corks of first reproduction have still the thick crust, and 
require longer scraping than those of second, and third reproduction. 
One even finds amongst these latter corks, slabs whose crust is so fine 
and thin that scraping is unnecessary. 

Machine scraping is done with steam by means of horizontal iron 
bobbins, 25 cms. long by 20 cms. in diameter, swollen towards the 
middle and furnished on their periphery with small iron blades in the 
form of combs with short and square teeth. 

These bobbins, arranged in pairs, turn with a speed of about 900 
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revolutions per minute upon a horizontal axis, supported by cast-iron 
uprights at a height of about 3 ft. 3 in. above the soil. 

The cork is submitted to scraping immediately after leaving the 
copper ; the damper it is, the easier is the operation. 

The waste produced by this operation is, in weight, from 3 per cent, 
for corks of first reproduction, 25 per cent, for those of second, and 20 
per cent, for those of the others. 

Once scraped the cork passes into the hands of the cutter up, who, 
by the aid of a very sharp chopper, cleanly cuts some portions from the 
edges of the slab, in order that the viseur, or classifier, may judge the 
quality of the cork. The latter divides the slabs into different categories, 
according to quality. 

This distribution is made into four heaps — thick corks, ordinary 
corks, bastard corks, and thin or refuse — for the copper. Definite 
classification is made later, at time of packing. 

To bale the cork a rectangular chest without a bottom is employed, 
about 1-50 m. long, 075 m. broad, and 0-60 m. high. . Two cords in- 
tended to support the corks when it is taken out are placed through the 
chest, so as to lower to the bottom, and to avoid forcing these cords 
are arranged in vertical grooves. 

One begins by arranging at the bottom, back downwards, one or 
two good-sized slabs, the length of the chest ; this is afterwards filled, 
arranging the pieces as regularly as possible, so as to leave neither space 
nor hollows. At the two small ends the corks should be almost cut and 
well lined, so that the two ends of the bale may be cleanly pared ; the 
fragments, if there are any, are distributed upon the interior ; when 
piling up exceeds by about 20 cms. the edge of the chest, it is covered, 
as done at the commencement, with one or two good-sized slabs, placed 
with the back outwards ; the two ends of each cord are afterwards joined ; 
the cork thus piled up is drawn together by means of a noose, and the 
chest is removed by means of handles arranged at both ends. The 
corded bale is carried under the press to be compressed, then tied or bound. 

The classification of cork is a delicate operation, demanding great 
experience and skill on the part of the classifier. It is of great im- 
portance from a sale point of view. 

Corks are classed in commerce, according to their thickness, into 
four categories — 

(1) Thick corks, measuring 31 mms. and over. 

(2) Ordinary corks, measuring from 26 to 30 mms. 

(3) Bastard corks, measuring 23 to 25 mms. 

(4) Thin corks, measuring 22 mms. and under. 
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100 


„ 110 


65 


„ 80 




60 




45 




85 




40 


40 to 50 


30 


„ 35 




25 




30 




25 


15 to 20 



Each of these categories comprises five qualities — superfine, first, 

second, third, and fourth. 

The following are, on the average, the sale prices of the corks : — 

Per metric Quintal. 
Francs. 

Superfine corks and champagne . . . . 120 to 150 

Demi-champagne . 

Superior thick corks 

Ordinary „ „ . . 

Inferior „ ,, 

Ordinary race corks (three first qualities mixed) 

„ „ (fourth quality) 
Superior hastard corks . 
Ordinary „ ,, 

Inferior ,, „ 

Superior thin corks 
Ordinary „ 
Inferior ,, ,, 

The cork is transported to the cork-cutting workshop and passes into 
the hands of a workman, who cuts it up into strips of equal width 
and length which will make the future cork-stopper. A second work- 
man cuts the strips square having the measurement of the diameter 
of the cork-stopper ; and finally a third workman makes the squares into 
the cork-stopper, either by hand or machine. 

In the -Algerian cork works, none but the ordinary cork-stopper is 
now made. A part of the stopper is made by hand, though the major 
quantity "is made by the aid of a machine resembling a pedal lathe. 

The corks are afterwards sorted, weighed, and packed in sacks or 
bales of 30,000. 

It is the custom in some works to whiten the corks ; this operation 
which was formerly made by means of an acid, is to-day replaced by 
sulphui-ous fumigation given to the corks after packing. 

The following are the principal models of corks :■ — 





Diameters. 


Price per Mille. 




Millimetres. 


Francs. 


Champagnes 


28 to 34 


100 according to quality 


Demi-champagnes 






26 „ 30 


50 to 80 


Long Bordeaux . 






23 „ 26 


30 ,, 50 


Demi-long Bordeaux 










20 „ 50 


Lemonades 








26 to 28 


10 ,, 25 ,, 


12 lines, cylindrical 








21 ,, 25 


5 ,, 10 


16 lines, conical". 








24 over 21 


18 superfines 


16 lines, cylindrical 








24 


7 ,, 9 fine 


18 lines, conical 








25 over 22 


7 ,, 25 according to quality 


18 lines, cylindrical 








23 to 25 


7 „ 25 


KoUs .... . . 


10 ,, 20 


8 „ 12 
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Cork in itself is not hygroscopic, but its medullary canals, full of 
pulverulent matter, absorb, and retain easily, water and even dampness 
of the air : hence the variation in the weight of different slabs of 
cork. 

By combustion in a closed vessel of the male cork and the unusable 
cUlris of the cork of reproduction, a last product of the cork-tree bark 
can be obtained ; this product, known in commerce under the name 
of " Spanish black," is employed in painting. 



CHAPTEE XXV. 

THE APPLICATION OF WOOD TO THE AET OF DYEING. 

Under the name of dye-woods is usually designated those containing 
in their parenchyma colouring matters employed in dyeing, and which are 
extracted after having reduced the timber to chips or even powder. 

A large number of varieties of exotic wood are susceptible of provid- 
ing colouring matters, but only some of them are applied industrially ; 
these latter only will be dealt with. 

LOGWOOD OR CAMPEAOHY WOOD. 

This wood is furnished by the trunk of the Hcematoxylon campechi- 
anum, which is a thorny tree of the Legumineee family. It is met with 
ia Southern America, as well as the Antilles. It receives its name from 
the Bay of Campeachy, in Mexico. 

Different varieties of it are distinguished, namely, the logwood of 
the Spanish West Indies, the English logwood of Jamaica, those of 
St. Domingo and Hayti; of Honduras, of Martinique, and of Guade- 
loupe. 

Logwood is reddish on the outside, yellowish inside ; very dense, of ^ 
a rather agreeable odour resembling that of the violet. 

This wood contains an essence, colouring matter Qiematoxyline), an 
azotised substance, resin, acetic acid, chloride of potassium, acetates 
of potash and lime, sulphate of potash, oxalate of lime, alumina, and 
oxides of iron and manganese. 

One. kilog. of logwood extract contains about 125 grms. of pure 
hematoxyline. 

In commerce logwood is found in powder or more often in pieces, 
and in this latter state extraction of the colouring matter is more 
easy. 

Water only carries away with difficulty the hematoxyline from cam- 
peachy wood ; I grm. of this wood reduced to powder requires, to become 
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exhausted, about 2 litres of boiling water, and the liquor submitted to 
evaporation about 0'25 grm. of coloured extract. 

Logwood extracts are put on the market which have been pre- 
pared by making steam and water act simultaneously on the colouring 
wood reduced to powder. The water charged with hematoxyline is 
afterwards evaporated to dryness or to a syrupy consistency ; the residue 
of this evaporation constitutes the extract. 

Logwood powder destined for dyeing is often submitted to a treat- 
ment the object of which is to increase its colouring power, whilst 
diminishing the quantity of matters accompanying hematoxyline. The 
following is the modus operandi : — A layer of logwood several centi- 
metres thick is extended over the slabs of a chamber in which a current 
of air is" established. This powder is moistened with water with a 
watering-pot, then covered by a fresh layer of pulverised logwood, 
moistened in the same manner before placing on the third layer. These 
superpositions are continued in this manner until a height of 1'50 m. is 
attained ; at this time the mass is left to itself. The temperature rises . 
rapidly, and fermentation commences, destroying the matters other than 
hematoxyline. If care be not then taken to establish a current of air in 
the chamber and displacing from time to time the logwood so as to 
avoid too high a temperature, the colouring matter would become decom- 
posed inevitably. When the temperature has been well managed, the 
wood is, at the end of three or four weeks, of a beautiful blood-red colour, 
and, in spite of all the water it contains, its yield in colouring matter is 
still equal to | of that of the wood not treated. 

Ilematine or Hematoxyline C32H14O12 was discovered by Chevreul. 

This substance is soluble in alcohol and ether ; exposed to sunlight, 
in a closed vessel, it is coloured red, especially when in a pulverulent state. 

Hematine gives beautiful colours under the simultaneous influence 
of the energetic bases and of oxygen of the air ; its savour is sweet ; it 
dissolves slowly in cold water, but very easily in boiling, and can crystal- 
lise into prisms with rectangular base. 

Baryta precipitates hematine from its solution, giving a bluish-white 
precipitate passing to violet and then to brown by contact with the air. 
Acetate of lead forms, with hematine, a white precipitate which, upon 
contact with the air, rapidly becomes of a blue colour. 

Acids, excepting those which are endowed with an energetic oxidising 
power, exert but little action upon this substance. 

Diluted sulphuric acid produces a yellowish-red colour, which becomes 
yellow by the addition of water, Hydrochloric acid colours the liquor 
purple red. Very diluted nitric acid reddens the hematine solution. 
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If it is concentrated, it decomposes the colouring matter, producing oxalic 
acid. Hematine reduces Fehling's liquor, and deviates towards the right 
the plan of polarisation ; it dissolves easily in saturated borate of soda ; 
the addition of an acid then reprecipitates it in the form of a crystalline 
mass. Phosphate of soda dissolves hematine in large quantity ; hypo- 
sulphite of soda dissolves it equally v?arm, giving it a purple colour. 

When hematine is submitted to the simultaneous influence of 
ammonia and oxygen it is converted into a body called hematine 

^32ilio"io- 

Hemateine is the true colouring principle ; it is red, whilst hematine 
is colourless. Crystallised, it presents a purple colour with metallic 
reflex. It colours water very deep purple; acetic acid precipitates it 
from its aqueous solution ; sulphuric acid brings it back to the hematine 
state. Hemateine is dissolved in alcohol, furnishing a liquor coloured 
reddish brown. It is soluble, in small quantity, in ether, and colours this 
liquid yellow. 

This substance produces, with ammonia, a combination very soluble 
in water, soluble in alcohol, which is decomposed at 100° by freeing the 
ammonia. 

Hemateine is prepared by dissolving, cold, hematine in ammonia and 
in abandoning the liquor to contact with the air. Crystals of hemateate 
of ammonia are soon seen to deposit, which are washed in cold water, 
then afterwards decomposed by diluted acetic acid. 

Commercially, hematine is obtained by treating the logwood with 
water, then agitating the aqueous extract with alcohol or ether, which 
carries off the hematine. 

In oxidised or fermented wood the proportion of hemateine is found 
increased at the expense of the solidity of the dye when means of 
oxidation other than those of air and water are employed to produce 
fermentation. 

Oxidation modifies the solubihty of the colouring matter, and this is 
an important point in textile printing. 

Oxidised wood contains from 25 to 30 per cent, of water, non- 
oxidised wood only 15 per cent. 

The price of extracts is often very variable ; certain extracts only 
contain 2 per cent, of colouring matters ; the remainder is composed of 
substances without value for dyeing. 

Quantifying the ash is not sufficient to guide the buyer. Certain 
pure extracts give up to 10 per cent, of ashes, whilst impure extracts 
give less. 

Numerous substances are employed to adulterate logwood extracts. 
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these are generally molasses, dextrine, sulphate of soda, chalk, and certain 
extracts of other dye-woods. 

Some of these substances are injurious ; for instance sulphate of soda 
weakens the dye-bath and gives an unequal printing colour. 



EED OR BRAZILIAN WOOD. 

The wood of trees of the genus Ccesalpinia, known in commerce 
under the name Brazil wood, contains a red colouring matter which 
has received the name Braziline. These woo^s, whose value is variable, 
are the following : — 

The Ccesalpinia christa is met with in Brazil and also in Jamaica. 
Its commercial name is Pernanibuco wood. Its durability is considerable ; 
it is far denser than water, the interior is yellow and the exterior red. 
This last coloration, owing to the presence of the air, afterwards dis- 
appears by the same cause. 

The Ccesalpinia sappan, or Sapan-wood, is very analogous to the 
foregoing. Eeduced to thin pieces, this wood, treated with boiling water, 
provides a red colouring matter. The aqueous decoction should not be 
prepared in iron vases, whose action would modify the red colouring 
matter' and transform it into a brownish substance. 

Sapan-wood, mixed with a solution of sulphate of copper, gives a 
remarkable violet colour. 

The Ccesalpinia echinctta furnishes the wood of St. Martha, Nicaragua, 
and Lima. 

The Ccesalpinia vesicaria, or of Brazil, is inferior to all the others. 

The distinction established between these different kinds of wood 
arises from the fact that they contain large or small quantities of astrin- 
gent matters which alter the tint of the Brazil. 

These harmful matters can be removed by the addition of a certain 
volume of milk, which is afterwards heated. 

Caseine, by becoming coagulated, carries off the astringent matters, 
and the supernatant liquid is of a very pure red colour. 

The woods of Brazil are distinguished from logwood by their clear 
tint and by the red precipitate which their infusion furnishes with lime, 
barytes, and protochloride of tin, whilst these same bodies give with 
logwood a blue precipitate. 

The only characteristic common to these two varieties of wood is of 
giving an infusion which takes a yellowish tint by the action of sulphuric 
and hydrochloric acids, and which turns to red when these acids are in 
excess. 
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Braziline, discovered by Chevreul, exists in the different kinds of wood 
just enumerated. 

This substance, which is soluble in water, alcohol, and ether, crystal- 
lises in small points of orange colour. Alkalies colour it violet purple ; 
acids change this tint into red. 

Upon contact with air and ammonia braziline is coloured a deep 
purple, then becoming brazileine. 

. Chromic acid oxidises the braziline, forming with it a rather stable 
coloured compound. Metallic oxides form with it interesting lakes. An 
infusion of Brazil wood, preserved from contact with the air, is covered 
by a pellicle which evaporation increases. Braziline can be preserved in 
water even in contact with the air. 

Decoctions preserved for a long time possess double the tinctorial 
power of that of more recent decoctions. 

In order to obtain - this colouring matter, the pulverised wood is 
exhausted with water ; the aqueous extract is then evaporated to dry- 
ness, in order to expel the free acetic acid which is found there. The 
residue, taken up again by water, is agitated with lead oxide ; the fixed 
acids are thus saturated. The excess of lead oxide is deposited, and the 
liquor, which is clear, can be decanted, then evaporated to dryness. It is 
taken up again by the alcohol, filtered and evaporated, then water and 
gelatine are added until tannin is no longer precipitated. By evaporat- 
ing a last time to dryness and straining through alcohol, the braziline is 
easily carried off, which is crystalhsed by cooling. 

SAUNDERS-WOOD OR SANDAL-WOOD. 

Sandal-wood is found in China and Cochin China, also in Gam- 
bodge, Java, and the East Indies. 

Several varieties of it are distinguished, designated, according to the 
colour of the bark, under the names yellow, white, and red sandal. This 
latter is especially useful in dyeing establishments. 

Eed sandal-wood comes from the Pterocarpus santalinus. It is dis- 
tinguished from the wood of Brazil in that its powder scarcely colours 
boiling water. 

Treated with alcohol, it gives a resinoid red matter designated under 
the name sandaline. 

This matter is insoluble in water, but soluble in alcohol, ether, and 
acetic acid. The solutions are red if the proportion of sandaline is 
sufficient, and precipitates with the majority of the metallic solutions. 
Tin salts, in weak solutions, furnish a purple precipitate ; with lead 
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salts it is violet, then deep violet with salts of sesquioxide of iron, 
scarlet red with salts of protoxide of mercury, and brownish red with 
salts of silver. 

Boiling alcohol produces, on an a\'erage, 17 kilos, of sandaline from 
100 kilos, of sandal-wood. It is not then pure sandaline; to obtain 
it pure, it is necessary to agitate the ethereal extract of sandal with lead 
oxide, to place the lake produced into fresh ether, and to pass through 
a current of sulphurous hydrogen ; the lead sulphur precipitates, the 
sandaline remains dissolved in ether, and is separated by evaporation in 
colourless crystals. 

To sandal-wood are allied other woods known, commercially, under 
the following names : — 

Caliatour, or cariatour, coming from the Indies ; compact, hard, and 
weighty ; superior to sandal. 

Wood of Madagascar, vinous red. 

Barwood, met with in Africa ; employed in cotton-dyeing, to which it 
communicates a highly esteemed red colour. 

Camwood, analogous to the preceding. 

YELLOW OR CUBA WOOD. 

This is one of the most largely employed tinctorial matters, produced 
by a particular mulberry -tree, the Morus tinctoria, native of Brazil and 
the Antilles. 

Yellow or flesh-coloured crystals are met with rather often in this, 
wood, which provide beautiful yellow tints. 

Chevreul isolated from the Morus tinctoria the colouring principle 
under three different aspects — white, yellow, and red morin. 

This crystalline matter of the yellow wood is composed of two different 
acids — moric and morintamiic acid. 

Moric acid CgeHijOi^SHO, or white morin, is barely soluble in water ; 
alcohol and ether, on the other hand, dissolve it very easily. The air 
colours it slowly a yellowish colour. 

It is dissolved, without being coloured, in weak acids. Fuming 
nitric acid transforms it into oxypicric acid. Sulphuric acid dissolves it 
and colours it yellow ; the heated solution give sulphurous and phenic 
acids. 

Alkalies and alkaline carbonates dissolve moric acid and give a 
yellow Uquid. 

Moric acid, in the presence of perchloride of iron, gives a brownish 
liquor bordering on green. 
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Moric acid dissolves in water, and is reduced in warm water, and 
in the presence of potash and sulphate and acetate of copper. A preci- 
pitate of anhydrous protoxide of copper is obtained in these conditions. 
Nitrate of silver, in the presence of ammonia, furnishes metallic silver 
when the solutions are boiled. 

The extraction of moric acid from yellow wood is obtained by dilut- 
ing, by ten times its volume of water, a boiling alcoholic extract of the 
wood. Some morate of lime is precipitated ; it is collected and dissolved 
warm in alcohol. Oxalic acid is added to the solution, filtered warm, 
then mixed with water, which precipitates the moric acid. The acid is 
afterwards purified by several successive solutions in alcohol, then pre- 
cipitated by water. 

Morintannic acid constitutes with the foregoing the principal colour- 
ing matter of the wood engaging our attention. 

This acid is presented in the form of a yellow crystalline powder, 
soluble in water, alcohol, ether, and methylic alcohol. It dissolves at 
200° and becomes decomposed at 270°, giving carbonic and phenic acids 
and pyrocatechine. Chlorine, in the presence of moisture, attacks it 
actively. Nitric acid transforms it into oxypicric acid. Concentrated 
sulphuric acid dissolves it cold, it assuming a yellowish tint. The liquor 
left to itself deposits a crystallised matter of a reddish colour. Morin- 
tannic acid heated with a mixture of sulphuric acid and dioxide of 
manganese, gives carbonic and formic acids. 

Finally, morintannic acid throws down sulphate, of sesquioxide of 
iron as a black, copper salts as a blackish-brown, sulphate of alumina 
as a yellow, and lead acetate also as a yellow, precipitate. 

QUERCITRON WOOD. 

The bark of the quercitron, or Quercus nigra, contains a valuable 
yellowish colouring matter, designated under the name Quercitrine 
Ci,H,0,HO. 

This substance, isolated for the first time by Chevreul, is yellow, 
scarcely soluble in water, but very soluble in alcohol. 

Alkalies cause it to pass to green, then to orange yellow. Lead 
acetate, protochloride of pewter, and acetate of copper precipitate it 
yellow. Perchloride of iron colours solutions of quercitrine a deep green. 
Heated in a retort, it sets some vapours free, which become condensed in 
the form of yellow needles. Distilled with sulphuric acid and dioxide of 
manganese, it produces formic acid. 

Quercitrine is transformed by weak acids into glucose and a yellowish 
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substance, namely, Quercitrine. This latter, which is without odour and 
savour, does not change by contact with air. It is soluble in water, 
ammonia, and alcohol. 

Quercitrine is obtained by treating the pulverised bark of the Quennis 
nigra by alcohol. The tannin is precipitated by gelatine or lime ; the 
li({uor is then evaporated, and the residue is afterwards taken up by 
the alcohol. 

This colouring matter can be equally extracted from the Capparis 
spincua and the Sophora japonica. 

FUSTIC. 

The Ehiis cotinus, a shrub of the Terebinthacese family, contains in its 
woody parts a crystallisable substance of yellowish colour, called fustic, 
and which is largely employed in dyeing establishments. 

The colouring matter of fustic is fustine, which is soluble in water, 
ether, and alcohol. These solutions, of an orange-yellow colour, become 
coloured red under the action of alkalies. Acetates of lead and copper 
precipitate them yellow. 

Pure fustine is prepared by adding a small quantity of gelatine to 
a decoction of fustic. The tannin precipitates, whilst the colouring 
matter remains in solution. It is afterwards evaporated to dryness, and 
the residue, taken up by the ether, is afterwards separated by distillation. 
It is afterwards treated by water, holding the oxide of lead in suspen- 
sion ; it forms a lake which, decomposed by sulphuric acid, gives pure 
fustine. 

Hoangf pe (Pterocarpus flavus). — This tree is a native of China, 
where it grows to a good height. Its bark, which is white on the 
exterior, is of a bright yellow on the interior. Boiling water extracts 
from it a colouring matter largely employed in China. 

GAMBOGE — TENQ HOANG. 

The tree producing this substance is met with in Ceylon and in China 
in the province of Hon Kouang. 

To extract it, deep incisions are made in the tree ; a viscous matter 
trickles out, which is gathered a year after the operation. This gum 
is purified by melting it, the impurities rising to the surface of 
the bath. 

Hanglou (Dervilla versicolor). — This tree is also met with in China. 
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Its wood, treated by boiling water, gives a yellow extract, with which 
a very beautiful colour is produced, serving to dye imperial stuffs and 
materials. 



PKEPARATION OF DYE-WOOD EXTRACTS. 

This industry dates from the commencement of last century. The 
principle of the operations constituting it consists first in removing the 
colouring water by lye-washing, made with the help of a suitable 
solvent, according to the wood to be treated, then by concentrating this 
solution. What are known as " extracts " are obtained in this manner. 

One commences at first by dividing the wood into chips more or less 
fine, often even reducing it to powder. The woody matter should, indeed, 
be in a good state of division to give more hold to the solvent, which 
should carry off its colouring matter ; sometimes certain limits should not 
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be exceeded, so that the woody substance should still preserve sufficient 
porosity and that draining can be done rapidly. 

Different machines are employed to divide the wood mechanically, ' 
that represented in Fig. 173 fulfilling well the proposed object. It com- 
prises the following parts : — 

A, Destroyer drum, armed with strong knives as sawing blades, 
which makes the horizontal axle turn in iron B, which is set in motion 
by gears C, D, and transmission pulleys K. 

M, Sheet-iron table which receives the timber to be worked. 



APPLICATION OF WOOD TO THE ART OF DYEING 415 

N, Movable vehicle provided with teeth so as to press the logs 
against destroying drum A. 

0, Screws serving to advance the vehicle. 

E E, X Y, Systems of gearing and pulleys to actuate the vehicle. 

The wood, once divided by this machine, is afterwards submitted to 
the treatment having as its object the extraction of the colouring matter. 
For that the copper shown at Fig. 174 is employed. 




Extraction copper A is of copper ; it can be oscillated by means of 
two trunnions c c, in which it is mounted on columns B B. To empty it 
one has only to turn it upside down, then to open the upper man-hole E. 

At a short distance from the bottom of this copper there is a double 
bottom of copper pierced by holes m, and carrying a sieve of copper 
thread. Tube M terminates by a ring pierced with holes, serving to 
spray the steam vapour. Another tube n communicates with two pipes 
a, b, provided with cocks. Water can be introduced through a ; through 
h the liquid charged with colour is drawn off under the influence of the 
-pressure of the steam. The liquid can thus be made to pass from 
copper A into a second neighbouring copper. 

If, instead of draining with pressure, hot water is used, the 
battery of coppers can be replaced by one of wooden casks, which 
" see-saw " around their trunnions and are arranged in two parallel 
lines. 

The colouring solutions are more or less charged according to the 
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temperature of draining and the nature of the wood. They can after- 
wards be concentrated either with the naked fire, or, better still, by- 
evaporation in a vacuum which permits of operating with more rapidity, 
and at not so high a temperature and sheltered from the air. Apparatuses 
analogous to those employed in sugar manufacturing are utilised for that. 

DYEING AND STAINING WOOD. 

Inversely to the subject just treated, it happens that, industrially, it 
is to one's interest to give to wood a tint other than that which they 
naturally possess. 

The art of dyeing or coloration of wood consists in fixing upon the 
vegetable tissue all the colours, as well "as their tints and shades, so 
that they cannot be changed by the agents, to whose action they are 
habitually exposed. Air and especially light are the most usual 
causes of deterioration of colours ; the extent of this alteration depends 
on the more or less strong adhesion of the colouring matter upon the 
woody tissue. 

In order to arrange this tissue so as to combine, so to speak, with 
the colouring matter, it is made to undergo the scouring or Ueaching 
operation. This previous preparation renders the woody tissue as clean 
as possible, and has the result of rendering the absorption of the colour- 
ing liquid easy and of making the colouring matter adhere to the 
vegetable fibres. In certain circumstances it has also as its object the 
bleaching of the woody tissue, in order that it reflects the light less, and 
that the tints of the colouring matter can thus become purer and more 
brilliant. 

After scouring, the introduction of the mordants is proceeded with. 
These substances are previously applied to the woody fibres, so as to 
afterwards make them take the coloration or shade which it is desired 
to produce, or in order to vary the shades. The mordants thus serve as 
intermediary between the colouring matters and the woody tissue which it 
is desired to dye, either to facilitate their combination or to modify it at 
the same time. 

When the wood has undergone these preparations it is perfectly fit 
to be coloured. 

Scouring is not necessary when dark shades or tints are desired ; 
but is always indispensable when it is desired to free the wood from 
matters which, by their action, would be able to modify or destroy the 
desired colour. 

Thus, for example, tannin being very fit for rendering the colours of 
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Brazil wood durable, one would abstain from scouring the varieties in 
which the proportion of tannin is notable, when the presence of this 
matter will be used as a mordant. 

If salts of iron are operated with upon a variety in which the 
reaction with tannin can be injurious to the tints and shades which it is 
desired to obtain, it is as well to proceed to energetic scouring. 

Injection or impregnation of the colouring substance is made in two 
manners : either by the aid of a suction or an injection pump. 

All the tints applicable to stuffs can be introduced into wood. 
Annatto, madder, archil, and logwood give different shades of red and 
violet ; litmus and indigo furnish blue colorations ; green is obtained by 
means of acetate of copper ; the successive action of the gall-nut and 
sulphate of iron produces black. 

Pear-tree wood can thus be easily dyed by the following process : — 

Two parts of pulverised black gall-nut are mixed with fifteen parts 
of vin ordinaire, and the mixture is allowed to settle for some days in a 
warm chamber. The liquid is afterwards decanted, or it is passed through 
linen, and then a quantity of water is added to it equal to its volume. 

A solution of sulphate of iron in water is prepared in the same 
manner. If, now, the wood is coated with the first liquid, and then, 
after having dried, the solution is diluted with sulphate of iron, a beautiful 
black colour will be obtained, which is the darker as the second solution 
is the more concentrated. 

If it is desired to obtain rapidly a dull lustre, it is necessary to make 
use of a thin layer of shellac dissolved in alcohol. 

A concentrated solution of permanganate of potash is equally well 
adapted for dyeing wood. This solution is distributed over the surface it 
is desired to dye, and it is allowed to act until the desired shade has been 
obtained. In general, some minutes suffice to give a deep shade. Pear 
and cherry wood are thus very easily dyed. 

The action of the mordant consists in the permanganate of potash 
being decomposed by the vegetable fibres, which precipitate black oxide 
of manganese which the influence of potash sets at the same time in 
liberty, and fixes in a durable manner on the fibres. When the action is 
finished, the objects are carefully washed with water, allowed to dry, and 
oiled and polished by ordinary means. A very beautiful and stable red 
colour is thus obtained, for example, upon cherry wood. 
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CHAPTER XXVI. 

DIFFERENT APPLICATIONS OF WOOD— HARD WOOD— DISTILLA- 
TION OF WOOD— PYROLIGNEOUS ACID— OIL OF WOOD- 
DISTILLATION OF RESINS. 

The idea of finding a use for certain wastes of wood- working, and notably, 
for example, of the sawing of wood, is not new. Amongst others, applica- 
tions of this latter, the calorifuges may be cited which are made in utilising 
it ; but another application of sawdust, and one which is most interesting, 
is that which consists of making hardened wood. 

The idea of agglutinating sawdust and thus obtaining different objects 
dates back to the last century. 

Early in the last century there were, in certain amateurs' cabinets, 
medals and other objects obtained by taking a hollow mould and filling 
this with moist sawdust in a clear paste, then . making the whole of it 
undergo a certain pressure. 

But this mode of agglomeration of the sawdust has been greatly 
improved since by employing blood albumen. 

FABRICATION OF HARD WOOD. 

At the present time wood is hardened in the following manner : — 

Wood sawdust, especially that of violet ebony, is reduced to a very fine 
powder, then moistened with sufficient blood mixed with water, and 
carried to a stove heated to about SO''. It is with this dried dust that 
the blood albumen combines. The sawdust used is all of the same 
wood. Grinding is done in rings containing some matrices in polished 
steel, intended to reproduce, with all the finesse possible, different 
artistic creations. 

The dried dust is piled into the moulds in such a manner that, after 
compression, there may not be any excess of the raw material. 

Pressure is obtained by means of a very powerful hydraulic 
press. 
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The plates are heated by gas in such a manner so as to mamtain a 
uniform temperature during the whole of the operation. 

The moulds provided with their rings are worked in grooves arranged 
so that they cannot undergo any variation. 

The heating plates are each provided with a gas apparatus, which 
follows their movement of ascent or descent. 

At first it is difficult to render an exact account of the action exer- 
cised by the albumen of the blood upon sawdust. It has for a long time 
been believed that this action was the same as that produced upon the 
tissues by egg-albumen. But an examination of the sawdust thus worked 
causes the presence of resin to be recognised. It has been recognised 
that resin, in presence of blood albumen, causes very strong adherence. 
Heated towards 200°, the blood, by commencing to fuse, acquires 
such an adhesive property that, after cooling, its parts have preserved 
notable adherence. This heating operation can be considered as a sort of 
fusion, for if the moulds are opened during working, a soft, blackish, 
semi-liquid paste will be found, so to say, analogous to bitumen in fusion. 
It is probably at this moment that the most delicate parts of the matrices 
are filled and faithfully reproduced after cooling. 

In manufacture made with violet-ebony sawdust, a rather interesting 
phenomenon is produced. The air is expulsed, and the mixture of saw- 
dust and blood albumen undergoes fusion. A new matter is formed 
resembling woody tissue, and a hard and dense wood is obtained capable of 
undergoing all cabinetmaking-work. 

This phenomenon appears to be due to the simultaneous action of 
the resin contained in the sawdust and of the blood albumen in the 
presence of heat and pressure. The matter acquires a blackish -brown 
tint, and, after cooling, its density reaches 1"300, whilst the albumenised 
sawdust only weighs 0-800. 

The objects thus moulded can be polished and varnished and made to 
receive incrustations of ivory or mother-of-pearl. 

DISTILLATION OF TIMBEE. 

Among the industrial applications of timber must be ranged the pro- 
ducts resulting from their distillation, namely, gases, oils, and other con- 
densable products, the most important of which is pyroligneous acid. 
Coal will not be spoken of, its study not entering into our programme. 

It was Lebon who first submitted wood to rational distillation with 
the object of extracting lighting gas from it. It is known that his 
attempts were at first fruitless. He had, however, since his first experi- 
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rnents, discovered pyroligneous acid, tar, and inflammable gas in the 
condensed products of distillation. 

In 1869 Pettenkoffer recognised that carbonisation of wood, worked 
at low temperature, gives dimly-lighting gases, poor in hydrocarbides, but 
that, if decomposition is effected at a cherry red-heat, one can obtain in 
large quantity hydrocarbides accruing from the decomposition of the 
condensable vapours. These hydrocarbides, purified, are more brilliant 
than coal gas. Hence a new industry which is established in a number 
of towns. 

All kinds of wood have been experimented with, and it has been 
recognised that their variety is almost indifferent to the result obtained 
as to the production of gas. 

Thxis it is that with quick calcination it has been found that 100 
kilos, of wood of different kinds could give the following average 
quantities of gas : — 

Cubic Metres. 
Fir . 38-0 



Pine 

Oak 

Beech 

Birch 

Larch 

Lime 

Willow 



32-5 
340 
33 
35 
31-0 
37-0 
37-0 



The degree of desiccation of the wood exercises, on the other hand, 
great influence upon the gas products obtained. Any kind of wood 
can be worked with, provided it be very dry; for if, during distillation, 
the water vapour passes over the incandescent charcoal, carbonic oxide, 
in large quantity, and hydrogen are formed, which are highly injurious to 
the lighting power. 

Two samples of production, one with half-dried wood containing 
8 per cent, of water, and the other with the same wood dried to 160°, 
gave the following results : — 



Dry Wood. 


Damp Wood. 


Cubic Metres. 


Cubic Metres. 


33-00 


3100 


5-21 


6-92 


60 minutes. 


75 minutes. 



Quantity of gas produced . 

Carbonic acid present before purification 

Duration of distillation 

One is therefore inclined to dry the wood before distilling it by the 
heat lost from the furnaces, by arranging behind the latter a stone-work 
chamber which serves as a stove. 

Underneath the sole of this chamber, which is lined with cast-iron, the 
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combustion products of the ovens are made to circulate before directing 
them into the chimney. The wood is piled up in this chamber and is 
allowed to stop there for at least twenty-four hours. It is afterwards 
taken away to fill the retorts, which serve in the distillation. 

These retorts are of cast-iron; they are similarly shaped as those 
employed in the distillation of coal. 

Their dimensions are variable: the small ones may receive 50 kilos, 
of wood and the largest 75 kilos. 

Earthen retorts are generally recognised as being the most convenient 
for the distillation of coal; it is not the same with wood; cast-iron is 
then preferable. 

The following are the dimensions adopted : — 



Height 
Width . 
Length. 
Thickness of walls 



Small Retorts. 
M. M. 

0-30 to 0-35 
0-56 „ 0-60 
2-60 „ 2-70 
0-025 „ 0-030 



Large Retorts, 
M. M. 

0-43 to 0-45 
0-65 „ 0-68 
2-60 „ 2-70 
0-037 



For small retorts the production of gas can be estimated, in twenty- 
four hours, at 240 cubic metres as a maximum ; the large ones may give 
300 cubic metres. Generally, an oven contains only three retorts. The 
grates are similar to those employed in coal gasworks ; they can also 
be heated by gasogenes. 

The progress of distillation is very rapid, especially at the commence- 
ment ; the operation lasts an hour and a half. 

The following figures show the progress of distillation : — 

50 kilos, of Fir. 50 kilos, of Pine. 
Cubic Metres. Cubic Metres. 
Gas collected during the first quarter of an hour 7-86 5-93 

second 
third 
fourth 
fifth 
sixth 

Distillation once finished, the retorts are opened so as to extract the 
charcoal which is put into the sheet-iron apparatuses, which are closed 
and cooled. 

Coming out of the retorts, the gas passes into a box presenting a 
special arrangement, as represented in Figs. 175, 176, and 177, and 
which realises the double condition of having an hydraulic joint and of 
being cooled by water. 

II is the hydraulic main, carrying the small muffle tubes E E E 



5-88 


5-15 


3-50 


3-41 


0-84 


1-91 


0-05 


0-16 


0-00 


0-03 
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which receive the disengaging pipes of the retorts. The fourth tube 
corresponds to pipe W, through which the gas escapes. A cast-iron case 
K K, completely filled with water, surrounds the main, which is thus 
immersed in water, which is constantly renewed. The small cast-iron 




plates a a' a" are intended to moderate the oscillations of the liquid in 
such a manner that the immersion of the pipes REE may be almost 
constant. This precaution is indispensable on account of the great 
pressure attained by the gas — a pressure which might even exceed 30 
cms. of water. 




FiQ. 176. 

In the main chamber the tar and pyroligneous acid deposit. The 
supernatant liquid flows through the syphon S. 

Purification is done with slaked lime. The lime absorbs carbonic 
acid, which forms a quarter or a fifth of the volume of the gassy mix- 
ture, and retains the acetic acid portion, which is not condensed, as well 
as the phenol. 

The principal inconvenience of this manufacture is the large quantity 
of lime rendered necessary. This consumption is, moreover, rather 
variable; it oscillates between 90 kilos, and 120 kilos, for 100 cubic 
metres of purified gas. 
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Gas produced by the distillation of wood, like that of coal, is 
a mixture of oxide of carbon, hydrogen, and different hydrocarbides, 
amongst which may be cited acetylene, olefiant gas, propylene, benzene, 
toluene, xylene, etc. 




Fig. 177. 



These quantities are very variable. The following results have 



been proved for the distillation of the fir : — 

Oxide of carbon ..... 

Hydrogen ...... 

Heavy hydrocarbides .... 

Light „ .... 



In Weight. 
61-8 to 22-3 
48-7 „ 18-4 
10-6 „ 6-5 
35-3 „ 9-4 



The specific gravity of wood gas is lower than that of air, varying from 
0"6 to 0'7. It follows that the air will penetrate a current of this gas 
more easily than that of pit-coal gas ; it also follows that it is neces- 
sary to increase the size of the gaseous jet which burns in order to 
prevent its being penetrated by an excess of air, which would prevent 
its combustion. Butterjly burners should therefore be used for the 
utilisation of this gas, giving to them a width of about 1 mm. 

The-secondary products of wood distillation are the waters charged 
with tar and coal. (Pyroligneous acid will be specially dealt with a 
little further on.) 

The waters are condensed in the rundlet and the refrigeratories. 
They are gathered, and then left to settle in the wooden casks, where 
the tarry waters are separated from those that are acid. These latter 
are saturated by lime, which gives acetate of lime, whose commercial 
value is rather high. The tar is also easily sold. 

Soft wood is generally utilised for this distillation, for the char- 
coal issuing from it burns quickly and easily ; it is highly appreciated 
in domestic economy. 
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The gas of the wood does not contain any sulphurous products, 
which is often an appreciable advantage. 

The cork waste produced in cork manufacturing can also, by dis- 
tillation, give a very good lighting gas. 

The bye-products of this special distillation are separated into two 
layers : the one, which is aqueous, with slightly acid reaction ; the other, 
which is constituted of a very fluid deep reddish-brown tar. 

This aqueous liquid contains, as principal products, acetic acid, 
methylic alcohol, and, moreover, a considerable proportion of ammonia, 
which greatly neutralises the acid. 

The accessory products are : hydrocyanic acid and homologues of 
acetic acid, amongst which are propionic acid, and a small quantity 
of methylamine. 

Tar is heavier than water. Its odour is very aromatic, and its very 
simple distillation furnishes the following products : — 

Light oil collected at 210° 27 

Heavy oil, brown ....... 27 

Oil with green fluorescence . . . . . 11 

Pitch and loss ........ S5 

100 

The least volatile portions of light oil leave by cooling plenty of 
naphthaline. This heavy oil, treated with soda, does not diminish in 
volume. Sulphuric acid is almost without action on it. 

Cork tar contains at least 4 per cent, of benzine and 3 per cent, of 
toluene. Heavy oil, ti'eated with soda, provides little phenol. 

As for the oil with green fluorescence, which is obtained when dis- 
tillation is driven at a temperature of at least o50°, it contains notable 
quantities of anthracene. 

Cork therefore gives products analogous to those issuing from the 
distillation of hard wood, but it does not supply the remarkable series 
of phenolic bodies. 

M. Senf published, some years ago, some interesting results of ex- 
periments as to the distillation of wood. 

The trials have been made on small quantities, but realised in con- 
ditions as near as possible the industrial labour. 

The apparatus employed is composed of a cast-iron retort of 60 m. 
long by '20 m. in diameter, arranged horizontally in a small furnace. The 
worm where the products of distillation are condensed was rather long 
and well cooled by a bath of fresh water. 

The gas which is formed, and separated from the liquid products by 
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a syphoir fixed to the lateral wall of the reservoir of the liquid, escapes 
by a pipe at the end of which it was enflamed or collected. 

It has been sought, in these experiments, to compare the yields fur- 
nished by the different timbers, by different parts of the same tree, and, 
finally, by the same healthy or diseased wood. The comparison has 
also been aimed at of the yields of one same kind of wood by rapid 
or economical calcination. 

The wood has always been calcined with its bark, as in the case of 
the industrial treatment. It was divided into fragments of 0"20 m. 
long by 2 to 3 cms. thick, then dried by exposure in the air at the 
ordinary temperature. 

In each case procedure was made successively both by rapid and slow 
distillation. 

The first was performed by bringing at once the retort to red heat, 
then by introducing at once all the wood to be calcined, during the 
whole operation it being kept at red heat. 

This rapid distillation required three hours ; slow distillation was 
effected in double that time. 

The following table gives the results to which these experiments 
have led :■ — 







100 kilos, of Wood dried in 


the Air have given — 








Acetic Acid. 








Variety of Wood. 


Total of 










Radical 


Dry Wood 
Charcoal. 


Non-con- 










Distilled 
Products. 


Tai-. 


Roug-h. 


Eetension 
of Acid 


Acetic 
Acid. 


densed 
Gas. 










per cent. 








Carpiiius lietalus, healthy fm 
trunk . . . . \» 


62-40 


4-75 


47-65 


13-60 


6-43 


25-37 


22 


23 


48-52 


5 


55 


42 


97 


12-18 


5 


23 


20 


47 


31 


01 


Rhamnus frangula, sirall/m 
divided trunks . . \n 


52-79 


7 


58 


45 


21 


13-38 


6 


05 


26 


50 


20 


71 


45-38 


5 


15 


40 


23 


11-16 


4 


49 


22 


63 


32 


09 


Alnus glutinosa, healthy /m 


60-53 


6 


39 


44 


14 


13-08 


5 


77 


31 


66 


17 


91 


trunk . . . . \n 


47-76 


7 


06 


40 


70 


10-14 


4 


13 


21 


11 


31 


13 


Betula alba, healthy trunk {^^' 


51 -03 
42-98 


5 
3 


46 
24 


45 
39 


59 

74 


12-36 
11-16 


5 
4 


63 
43 


29 
21 


24 
46 


19 
35 


71 
66 


Sorbus aucuparia, healthy /?ii 
trunk . . . .\n 


51-54 


7 


43 


44 


11 


12-60 


5 


56 


27 


84 


20 


62 


46-40 


6 


41 


39 


97 


10-41 


4 


16 


20 


20 


33 


40 


Fagus sylvatica, healthy fm 
trunk . . . .\n 


51-65 


5 


85 


45 


80 


n-37 


6 


21 


26 


69 


21 


66 


44-35 


4 


90 


39 


45 


9-78 


3 


86 


21 


90 


33 


76 


Fagus sylvatica, healthy /m 


49-89 


4 


81 


45 


08 


11-40 


5 


14 


26 


19 


23 


90 


branches . . ■ {n 


43-14 


2 


90 


40 


24 


10-89 


4 


38 


21 


30 


35 


56 


Populus tremula, healthy/m 


47-44 


6 


90 


40 


54 


12-57 


6 


10 


25 


47 


27 


09 


trunk . . . . \_n 


46-36 


6 


91 


39 


45 


11-04 


4 


36 


21 


33 


32 


31 


Fagus sylvatica, diseased fm 
branches . . .\n 


51-31 


3 


56 


43 


75 


10-08 


4 


81 


23 


23 


26 


46 


47-32 


5 


99 


41 


33 


8-88 


3 


67 


20 


98 


31 


70 


Quercus robur, healthy/m 
trunk . . . .\» 


48-15 


3 


70 


44 


45 


9-18 


4 


08 


34 


68 


17 


17 


45-24 


3 


20 


42 


02 


8-19 


3 


44 


27 


73 


27 


03 


Pinus abies, healthy trunk-! ^ 


45-37 
51-75 


4 
9 


42 
77 


40 
41 


95 
98 


6-66 
5-70 


2 
2 


73 
39 


30 
24 


27 
18 


24 
24 


36 

07 


Pinus abies, diseased trunk i ™ 


46-92 
46-35 


5 
6 


93 
20 


40 
40 


99 
15 


6-61 

4-44 


2 

1 


30 

78 


34 
24 


30 
24 


18 
29 


78 
41 
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The figures of series m accrue from slow distillations, those of series 
n from quick distillations. 

It can be concluded from these different experiments that the yields 
in pyroligneous acid, tar, charcoal, and gas are only slightly different, 
whatever the variety of wood may be. 

But, on the other hand^ the richness of the water in dehydrated acid 
varies greatly ; in this respect, f olious wood is richer than resinous. 

PYROLIGNEOUS AOID. 

When one has for his main object the collecting and utilising of 
the gas product by distillation, the pyroligneous acid is generally made 
by means of the apparatus represented in Fig. 178. 

This apparatus is composed of a sheet or cast-iron cylinder D of a 




capacity equal to about 4 cubic metres, intended to receive the wood 
previously divided into logs which are introduced through an aperture 
made in the cover. This cylinder is found above a grate, in which the 
combustible is charged through a lateral door. Before proceeding to 
the draught chimney, the flame circulates around cylinder B, passing 
through several small holes in the stone work. The cylinder communi- 
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cates by a pipe n with a condensing apparatus, comprising a series of 
horizontal pipes ddd, enveloped by tubes hbb, in which a current of 
cold water constantly circulates, led through tube a and issuing from a 
reservoir A. This water first penetrates into the lower tube, to proceed 
afterwards, through conduits ccc, into the other tubes. The warm 
water goes out through the overflow g. 

The gases accruing from wood decomposition are directed through 
tube h under the cylinder D, where they are kindled and contribute 
towards the heating of the apparatus. 

The condensed empyreumatic liquids flow through pipe m into vats 
B B'. The coal is withdrawn at the end of about six hours through a 
door at the bottom of cylinder B. 

The liquid thus condensed is composed of water, tar, methyl alcohol, 
ether, and acetic acid. 

It is freed from the tar floating on the surface, and is then intro- 
duced into a copper alembic. The wood spirit, or methylic alcohol, is 
found in the first products of distillation. 

Coarse or pyroligneous acetic acid passes afterwards. 

This acid is afterwards coloured, and possesses a tarry savour which 
fresh distillation is unable to remove from it. In order to completely 
disinfect it, one is obliged to combine it with a base. Sometimes car- 
bonate of soda is employed for that purpose ; it is, however, more 
economical to first treat the acid by carbonate of lime, then to decom- 
pose by sulphate of soda the acetate thus obtained. Sulphate of lime is 
precipitated, and the acetate of soda is purified by crystallisation. 

The acetate is afterwards treated by sulphuric acid, diluted by half 
its weight of water. The acetic acid is received into condensing 
apparatuses, where it liquefies ; it is finally purified by a second dis- 
tillation. 

As the sulphate of soda formed in this reaction is insoluble in 
acetic acid, it is precipitated under the form of crystals, and can be 
separated by deeantation. 

The pyroligneous acid thus made only contains traces of sulphate 
of soda which fresh distillation can completely purify. 

Different kinds of wood, as has been already shown by the pre- 
viously-cited experiments, provide variable proportions of pyroligneous 
acid. , 

Modifications have been proposed with the object of making this 
manufacture more economical. It is in this way that the rough pro- 
ducts of the first distillation can be immediately saturated by lime. A 
part of the tarry matters combines with the lime and the other remains 
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in the liquor. When this latter is made clear by depositing or filtration, 
it is evaporated in a cast-iron copper until reduction of the volume to 
a half. It is afterwards acidified with hydrochloric acid, which decom- 
poses almost the whole of the combinations which the lime had formed 
with the tarry matters ; these latter float on the top, and can be easily 
carried off. 

The acetate of lime- is afterwards dried, and is then distilled with 
hydrochloric acid. When a very pure acid is desired, a second rectifica- 
tion by carbonate of soda or bichromate of potash is proceeded with ; 
this latter salt has the advantage of destroying the odorous matters 
which the pyroligneous acid still contains. 

Another process of purification consists in treating the crude acid 
with sulphuric acid in small quantity ; this latter determines the separa- 
tion of the tar. It is allowed to settle for twenty-four hours, and then 
distilled. The acetic acid thus obtained is colourless, does not blacken 
on contact with the air, and no longer deposits empyreumatic matters. 
It is then saturated by carbonate of soda and is then evaporated; the 
acetate of soda obtained is purified by a new crystallisation. 

Barytes might also be employed. The rough acid is saturated with 
carbonate of barytes or sulphide of barium. An acetate is thus obtained 
which is afterwards roasted with moderation so as not to decompose it. 
This acetate of baryta is afterwards decomposed by sulphuric acid. 
Sulphate of barytes and weak acetic acid are obtained. The acetate of 
baryta can also be transformed into acetate of soda by a proportionate 
addition of sulphate of soda. 

WOOD OIL. 

Among the branches of industry successfully established in Sweden, 
that of wood oil occupies an important place. The shoots are utilised 
in this manufacture, as well as the roots remaining in the ground when 
the forests have been felled. 

These raw materials are submitted to dry distillation, that is to say, 
they are heated in retorts protected from the air. The different matters 
just dealt with are collected in this manner, and besides a special oil 
employed for lighting purposes. As this oil contains a large quantity of 
carbon, it requires special lamps, slightly different, Jiowever, from those 
employed in the burning of mineral oil. It is the least costly illuminat- 
ing oil, and there is no danger of explosion arising from its use. 

This oil is generally produced by the distillation of the pine 
and fir. 
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DISTILLATION OF RESINS. 

We will close these considerations as to the industrial applications 
of wood and of its derivatives by some accounts concerning an industry 
which, in certain circumstances, may have a great interest, namely, the 
distillation of resins. 

Generally, the object in view when resins are distilled is to extract 
from them the illuminating gas and to collect, at the same time, the 
light oils, easy of sale. 




Fig. 179. 

A good apparatus employed with this object is that bearing the name 
of M. Chaussenot, and shown at Fig. 179. 

A hearth P, whose draught is regulated by a register' Q, is provided 
with a vault pierced with holes ggg through which the flame rises, 
which surrounds the retort A, then proceeds to the chimney after having 
traversed MN, which surrounds the resin reservoir I. Eegister h serves 
to isolate this part from the enclosure N when it is desired to fill the 
reservoir ; in this case, register h is closed and the warm gases escape 
directly into 0. 
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The resin introduced into reservoir I settles and flows through the 
conduit H and the conical valve Gr in order to arrive, through the 
opening x, in the retort A, where a certain quantity of coke is found. 
A framework I separates the retort into two parts, and the gas produced 
passes to the rear into B, thence into the tar reservoir C, and finally 
into the refrigerator D. 

It is thus seen that this apparatus is capable of continuous 
distillation, which continues until the time when the carbon deposits 
in the retort become sufficiently bulky for it to be necessary to carry 
them away. 

Eesin gas is not so good an illuminant as oil gas, though it is, at any 
rate, as good as coal gas. Generally, 1 kilog. of ordinary resin supplies 
from 800 to 1200 Utres of gas. 



THE END. 
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THE PRACTICAL COMPOUNDING OP OILS, TAL- 
LOW AND GREASE FOR LUBRICATION, ETC. 

By An Expert Oil Refiner. 100 pp. 1898. Demy Svo. Price 7s. 6cl. ; 
India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 
Contents. 

Chapters I., Introductory Remarks on the General Nomenclature of Oils, Tallow and 
Greases suitable for Lubrication.— II., Hyrocarbon Oils. — III., Animal and Fisli Oils.— 
IV., Compound Oils.— V., Vegetable Oils.— VI., Lamp Oils.— VII., Engine Tallow, 
Solidified Oils and Petroleum Jelly. — VIII., Machinery Greases: Loco and Anti- 
friction.— IX., Clarifying and Utilisation of Waste Fats, Oils, Tank Bottoms, 
Drainings of Barrels and Drums, Pickings Up, Dregs, etc.— X., The Fixing and 
Cleaning of Oil Tanks, etc.— Appendix and General Information. 

Press Opinions. 

" This work is written from the standpoint of the oil trade, but its perusal will be found very 
useful by users of machinery and all who have to do with lubricants in any way." — Colliery 
Guardian. 

='The properties of the different grades of mineral oil and of the animal and vegetable non- 
drying oils are carefully described, and the author justly insists that the peculiarities of the 
machinery on which the lubricants are to be employed must be considered almost before every- 
thing else. , . . The chapters on grease and solidified oils, etc., are excellent." — The Ironmonger. 

SOAPS. A Practical Manual of the Manufacture of Domestic, 
Toilet and other Soaps. By George H. Hurst, F.C.S. Illustrated 
with Sixty-six Engravings. 390 pp. 1898. Price 12s. 6d. ; India and 
Colonies, 13s. 6d. ; Other Countries, 15s. ; strictly net. 
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Chapters I., Introductory. — II., Soap-maker's Alkalies. — HI.. Soap Fats and Oils.- 
IV., Perfumes.— v., Water as a Soap Material.— VI., Soap Machinery.- VII., Tech- 
nology of Soap-making. — VIII,, Glycerine in Soap Lyes. — IX., Laying out a Soap 
l^actory.— X., Soap Analysis.— Appendices. 

Press Opinions. 

" We think it is the most practical book on tnese subjects that has come to us from England 
so far." — American Soap Journal. 

" Much useful information is conveyed in a convenient and trustworthy manner which will 
appeal to practical soap-makers." — Chemical Trade Jot trnal. 

" Works that deal with manufacturing processes, and applied chemistry in particular, are 
always welcome. Especially is this the case when the material presented is so up-to-date as 
we find it here." — Bradford Observer, 

ANIMAL FATS AND OILS: Their Practical Production, 
Purification and Uses for a great Variety of Purposes. Their Pro- 
perties, Falsification and Examination. A Handbook for Manufacturers 
of Oil and Fat Products, Soap and Candle Makers, Agriculturists, 
Tanners, Margarine Manufacturers, etc., etc. By Louis Edgar And^s. 
Sixty-two Illustrations. 240 pp. 1898. Demy Svo. Price 10s. 6d. ; 
India and Colonies, lis. ; Other Countries, 12s. ; strictly net. 
Contents. 

Introduction. Occurrence, Origm, Properties and Chemical Constitution of Animal Fats 
Preparation of Animal Fats and Oils, Machinery. Tallow-melting Plant. Extraction Plant. 
Presses. Filtering Apparatus. Butter : Raw Material and Preparation, Properties, Adul- 
terations, Beef Lard or Remelted Butter^ Testing. Candle-fish Oil. Mutton-Tallow. Hare 
Fat. Goose Fat. Neatsfoot Oil. Bone Fat; Bone Boiling, Steaming Bones, Extraction, 
Refining. Bone Oil. Artificial Butter; Oleomargarine, Margarine Manufacture in France, 
Grasso's Process, " Kaiser's Butter," Jahr & Mlinzberg's Method, Filbert's Process, Winter's 
Method. Human Fat. Horse Fat. Beef Marrow, Turtle Oil. Hog's Lard: Raw Material. 
Preparation, Properties, Adulterations, Examination. Lard Oil. Fish Oils. Liver Oils. 
Artificial Train Oil. Wool Fat: Properties, Purified Wool Fat. Spermaceti: Examination 
of Fats and Oils in General. 



Press Opinions. 

"The descriptions of technical processes are clear, and the book is well illustrated and 
should prove useful." — Manchester Guardian. 

" It is a valuable work, not only for .the student, but also for the practical manufacturer of 
oil and fat products "journal of the American Chemical Society. 

"The work is very fully illustrated, and the style throughout is in strong contrast to that 
employed in many such treatises, being simple and cleae/— Shoe and Leather Record. 

" An important handbook for the * fat industry,' now a large one." — Newcastle Chronicle. 

" The latest and most improved forms of machinery are in all cases indicated, and the many 
advances which have been made during the past years in the methods of producing the more 
common animal fats — lard, tallow and butter — receive due attention,"— Gitas^ow Herald. 

VEGETABLE FATS AND OILS: Their Practical Prepara- 
tion, Purification and Employment for Various Purposes, their Proper- 
ties, Adulteration and Examination. A Handbook for Oil Manufacturers 
and Refiners, Candle, Soap and Lubricating Oil Makers, and the Oil 
and Fat Industry in General. Translated from the German of Louis 
Edgar Andes, Ninety-four Illustrations. 340 pp. Second Edition. 
1902. Demy 8vo. Price 10s. 6d. ; India and Colonies, lis. ; Other 
Countries, 12s. ; strictly net. 

Contents. 

Statistical Data. General Properties of the Vegetable Fats and Oils. Estimation of the 
Amount of Oil in Seeds. Table of Vegetable Fats and Oils, with French and German 
Nomenclature, Source and Origin and Percentage of Fat in the Plants from which they are 
Derived. The Preparation of Vegetable Fats ana Oils : Storing Oil Seeds ; Cleaning the Seed. 
Apparatus for Grinding Oil Seeds and Fruits. ^Installation of Oil and Fat Works. Ex- 
traction Method of Obtaining Oils and Fats. Oil Extraction Installations. Press Moulds. 
Non-drying Vegetable Oils. Vegetable drying Oils. Solid Vegetable Fats. Fruits Yielding 
Oils and Fats. Wool-softening Oils. Soluble Oils. Treatment of the Oil after Leaving the 
Press Improved Methods of Refining with Sulphuric Acid and Zinc Oxide or Lead Oxide. 
Refining with Caustic Alkalies, Ammonia, Carbonates of the Alkalies, Lime. Bleaching Fats 
and Oils.- Practical Experiments on the Treatment of Oils with regard to Refining and 
Bleaching. Testing Oils and Fats. 

Press Opinions. 

" Concerning that and all else within the wide and comprehensive connection involved, 
this book must be invaluable to every one directly or indirectly interested in the matters it 
treats of."— Commence. 

"A valuable and highly Interesting book of reference." — Manufacturing Chemist. 

IRON - CORROSION, ANTI - FOULING AND ANTI- 
CORROSIVE PAINTS. By Louis Edgar And^s. Sixty- 
two Illustrations. 275 pp. Translated from the German. Demy 8vo. 
1900. Price 10s. 6d. ; India and Colonies, lis. ; Other Countries, 12s. ; 
strictly net. 

Contents. 

Iron-rust and its Formation — Protection from Rusting by Paint — Grounding the Iron witl. 
Linseed Oil, etc. — Testing Paints — Use of Tar for Painting on Iron — ^Anti-corrosive Paints — 
Linseed Varnish — Chinese Wood Oil — Lead Pigments — Iron I*igments — ^Artificial Iron Oxides 
— Carbon — Prejiaration of Anti-corrosive Paints — Results of Examination of Several Anti- 
corrosive Paints — Paints for Ship's Bottoms — Anti-fouling Compositions — ^Various Anti-cor- 
rosive and Ship's Paints — Official Standard Specifications tor Ironwork Paints — Index. 

Press Opinions. 

"This is a very valuable book." — Bristol Mercury. 

"Will be of great service to paint manufacturers, engineering contractors, ironfounders, 
shipbuilders and others." — Engineer and Iron Trades A dvertiser. 

" Deals with the subject in a manner at once practical and scientific, and is well worthy of 
the attention of all builders, architects and engineers." — The Builder. 

" The book is very readable and full of valuable information." — Railway Engineer. 

"The author goes fully into his subject."— -/oMrMa^ of Gas Lighting. 

"The book is an exceedingly useful record of what has been done in connection with iron 
preservation, and will undoubtedly prove to be of much value to railway engineers, shipowners,, 
etc." — Fairplay. 

"Will be particularly useful to iron manufacturers, shipbuilders and shipowners. . . .*' — 
Ironmonger. 

"... The book is a welcome contribution to technological literature." — Western Daily- 
Mercury. 

" The author has evidently thoroughly investigated and mastered the subject of iron-corrosion > 
its cause and its prevention." — Iron and Steel Trades Journal. 



THE MANUFACTURE OF ALUM AND THE SUL- 
PHATES AND OTHER SALTS OF ALUMINA AND 
IRON. Their Uses and Applications as Mordants in Dyeing 
and Calico Printing, and their other Applications in the Arts, Manufac- 
tures, Sanitary Engineering, Agriculture and Horticulture. Translated 
from the French of Lucien Geschwind. 195 Illustrations, Nearly 
400 pp. Royal 8vo. 1901. Price 12s. 6d. ; India and Colonies, 13s. 6d. ; 
Other Countries, 15s. ; strictly net. 

Contents. 
Part I., Theoretical Study of Aluminium, Iron, and Compounds ofthese Metals. 
— Chapters I., Aluminium and its Compounds. — II., Iron and Iron Compounds. 

Part II., Manufacture of Aluminium Sulphates and Sulphates of Iron.— Chapters III., 
Manufacture of Aluminium Sulphate and the Alums.— IV., Manufacture of Sulphates of Iron. 
Part III., Uses of the Sulphates of Aluminium and Iron.— Chapters V., Uses of 
Aluminium Sulphate and Alums — Application to Wool and Silk — Preparing and using Aluminium 
Acetates— Employment of Aluminium Sulphate in Carbonising Wool— The Manufacture of 
Lake Pigments — Manufacture of Prussian Blue — 'Hide and Leather Industry — Paper Making — 
Hardening Plaster — Lime Washes — Preparation of Non-inflammable Wood, etc.— Purifica- 
tion of Waste Waters. — VI., Uses and Applications of Ferrous Sulphate and Ferric 
Sulphates. — Dyeing — Manufacture of Pigments — Writing Inks — Purification of Lighting Gas 
— Agriculture — Cotton Dyeing — Disinfectant — Purifying Waste Liquors — Manufacture of 
Nordhausen Sulphuric Acid — Fertilising. 

Part IV., Chemical Characteristics of Iron and Aluminium.— Analysis of Various 
Aluminous or Ferruginous Products. —Chapter VII., Aluminium. — Analysing* Aluminium 
Products. — Alunite Alumina — Sodium Aluminate — Aluminium Sulphate. Chapter VIII., Iron. 
— ^Analytical Characteristics of Iron Salts — Analysis of Pyritic Lignite — Ferrous and Ferric 
Sulphates — Rot/-' Mordant — Index. 

MANUAL OF AGRICULTURAL CHEMISTRY. By 

Herbert Ingle, F.I.C, Lecturer on Agricultural Chemistry, the 
Yorkshire College; Lecturer in the Victoria University. 388 pp. 11 
Illustrations. 1902. DemySvo. Price 7s. 6d. ; India and Colonies, 8s. ; 
Other Countries, 8s. 6d. net. 

Contents: 

Chapters I., Introduction.— II., The Atmosphere.— III., The Soil.— IV., The Reactions 
occurring in Soils, — V., The Analysis of Soils. — VI., Manures, Natural. — VII., Manures (con- 
tcnued).- VIII., The Analysis of Manures.— IX., The Constituents of Plants.— X., The Plant.— 
XI., Crops.— XII., The Animal.— XHI., Foods and Feeding.— XIV., Milk and Milk Products.- 
XV., The Analysis of Milk and Milk Products. — XVI., Miscellaneous Products used in Agri- 
culture. — Appendix. — Index. 

LUBRICATING OILS, FATS AND GREASES: Their 

Origin, Preparation, Properties, Uses and Analyses. A Handbook for 
Oil Manufacturers, Refiners and Merchants, and the Oil and Fat 
Industry in General. By George H. Hurst, F.C.S. Second Edition. 
Sixty-five Illustrations. 313 pp. Demy 8vo. 1902. Price 10s. 6d. ; 
India and Colonies, lis. ; Other Countries, 12s. ; strictly net. 
Contents. 

Chapters I., Introductory. Oils and Fats, Fatty Oils and Fats, Hydrocarbon Oils, Uses 
of Oils.— II., Hydrocarbon Oils. Distillation, Simple Distillation, Destructive Distillation, 
Products of Distillation, Hydrocarbons, Paraffins, Olefins, Napthenes. — III., Scotch Shale 
Oils. Scotch Shales, Distillation of Scotch Oils, Shale Retorts, Products of Distilling Shales, 
Separating Products, Treating Crude Shale Oil, Refining Shale Oil, Shale Oil Stills, Shale 
Naphtha Burning Oils, Lubricating Oils, Wax. — IV., Petroleum. Occurrence, Geology, Origin, 
Composition, Extraction, Refining, Petroleum Stills, Petroleum Products, Cylinder Oils, 
Russian Petroleum, Deblooming Mineral Oils. — V., Veg'Ctable and Animal Oils. Intro- 
duction, Chemical Composition of Oils and Fats, Fatty Acids, Glycerine, Extraction of Animal 
and Vegetable Fats and Oils, Animal Oils, Vegetable Oils, Rendering, Pressing, Refining, 
Bleaching, Tallow, Tallow Oil, Lard Oil, Neatsfoot Oil, Palm Oil, Palm Nut Oil, Cocoanut 
Oil, Castor Oil, Olive Oil, Rape and Colza Oils, Arachis Oil, Niger Seed Oil, Sperm Oils, 
Whale Oil, Seal Oil, Brown Oils, Lardine, Thickened Rape Oil.— VI., Testing: and Adultera- 
tion of Oils. Specific Gravity, Alkali Tests, Sulphuric Acid Tests, Free Acids in Oils, Vis- 
cosity Tests, Flash and Fire Tests, Evaporation Tests, Iodine and Bromide Tests, Elaidin 
Test, Melting Point of Fat, Testing Machines. — VII., Lubricating; Greases. Rosin Oil, 
Anthracene Oil, Making Greases, Testing and Analysis of Greases. — VIII., Lubrication. 
Friction and Lubrication, Lubricant, Lubrication of Ordinary Machinery, Spontaneous Com- 
bustion of Oils, Stainless Oils, Lubrication of Engine Cylinders, Cylinder Oils. — Appendices. 
A, Table of Baume's Hydrometer — B. Table of Thermometric Degrees— C. Table of Specific 
Gravities of Oils — Index. 



THE UTILISATION OF WASTE PRODUCTS. A Treatise 

on the Rational Utilisation, Recovery and Treatment of Waste Pro- 
ducts of all kinds. By Dr. Theodor Roller. Translated from the 
Second Revised German Edition. Twenty-two Illustrations. Deray 
8vo. 280 pp. 1902. Price 7s. 6d. ; India and Colonies, 8s. ; Other 
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tallic Pigments. A Text-book for Manufacturers, Merchants, Artists, 
and Painters. By Dr. Josef Bersch. Translated from the Second 
Revised Edition by Arthur C. Wright, M.A. (Oxon.), B.Sc. (Lond.), 
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Trades — Soluble and Liquid Glues — Steam and Waterproof Glues. — V., Manures — Importation 
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Press Opinion. 

" We can with confidence recommend the perusal of the book ^o all persons interested in 
the manufacture of artificial manures, and also to the large number of farmers and others who 
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XX., Economic Considerations. — Index. 
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" Will fill a place hitherto unoccupied ; . . . bears all the marks of thoroughness both on the 
scientific and technical side. That it will take its place as the standard book of its subject may 
safely be i>redicted." — Aberdeen Free Press. 

"This is a workmanlike manual of the methods and processes of an industry known to the 
world at large only by its remote results. . . . This clearly written and well-informed hand- 
book gives a plain exposition of these matters, and cannot but prove useful to manufacturers 
and merchants, and to painters curious about the materials in which they work." — The Scotsman. 

"Mr. Smith's book is practical throughout, and it will be found helpful to those engaged in 
the industry and those who make use of paints," — The Architect. 

"It is an important text-book for students attending technical classes in these subjects, con- 
cisely setting forth in a most practical manner many intricate details in the preparation and 
production of paint during the operation of grinding. . . . The work should occupy a position 
on the bookshelf of every individual interested in paint." — The Decorators* and Painters' 
Magazine^ 
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Substances: L, Tannin; II., Barks (Oak); III., Barks other than Oak; IV., Tanning 
Woods; v., Tannin-bearing Leaves; VI., Excrescences; VII., Tan-bearing Fruits; VIII., 
Tan-bearing Roots and Bulbs ; IX., Tanning Juices ; X., Tanning Substances used in Various 
Countries ; XI., Tannin Extracts ; XII., Estimation of Tannin and Tannin Principles. 

Part II., Tanning— Chapter I., The Installation of a Tannary: I., Tan Furnaces; II., 
Chimneys, Boilers, etc.; III., Steam Engines — Chapter II., Grinding and Trituration of 
Tanning Substances: I., Cutting up Bark; II., Grinding Bark; III., The Grinding of Tan 
Woods; IV., Powdering Fruit, Galls and Grains; V., Notes on the Grinding of Bark — Chap- 
ter III., Manufacture of Sole Leather: I., Soaking; II., Sweating and Unhairing; III., 
Plumping and Colouring; IV., Handling; V., Tanning; VI., Tanning Elephants' Hides; 
VII., Drying; VIII., Striking or Pinning — Chapter IV., Manufacture of Dressing Leather: 
I., Soaking; U., Depilation; III., New Processes for the Depilation of Skins; IV., Tanning; 
v., Cow Hides; VI., Horse Hides; VII., Goat Skins; Manufacture of Split Hides— Chap- 
ter v., On Various Methods of Tanning: I., Mechanical Methods; II., Physical Methods; 
III., Chemical Methods; IV., Tanning with Extracts — Chapter VI., Quantity and Quality; 
I., Quantity; II., Net Cost; III., Quality of Leather — Chapter VII., Various Manipulations 
of Tanned Leather: I., Second Tanning; II., Grease Stains; III., Bleaching Leather; IV., 
Waterproofing Leather; V., Weighting Tanned Leather; VI., Preservation of Leather — 
Chapter VIIL, Tanning Various Skins. 

Part III., Currying- Chapter I., Waxed Calf: I., Preparation; IL, Shaving; III., 
Stretching or Slicking; IV., Oiling the Grain; V., Oiling the Flesh Side; VI., Whitenmg and 
Graining; VII., Waxing; VIIL, Finishing; IX., Dry Finishing; X., Finishing in Colour; 
XI.. Cost— Chapter IL, White Calf: L, Finishing in White— Chapter III., Cow Hide for 
Upper Leathers: I., Black Cow Hide; IL, White Cow Hide; III., Coloured Cow Hide.— 
Chapter IV., Smooth Cow Hide — Chapter V., Black Leather — Chapter VI., Miscellaneous 
Hides: L, Horse; II., Goat; IIL, Waxed Goat Skin; IV., Matt Goat Skin— Chapter VII., 
Russia Leather: I., Russia Leather; II. . Artificial Prussia Leather. 

Part IV., Enamelled, Hungary and Chamoy Leather, Morocco, Parchment, Furs 
and Artificial Leather — Chapter I., Enamelled Leather: L, Varnish Manufacture; II., 
Application of the Enamel; III., Enamelling in Colour — Chapter IL, Hungary Leather: I., 
Preliminary; II., Wet Work or Preparation; III., Aluming; IV., Dressing or Loft Work; 
v.. Tallowing; VI., Hungary Leather from Various Hides — Chapter IIL, Tawing: L, Pre- 
paratory Operations; II., Dressing; III., Dyeing Tawed Skins; IV., Rugs — Chapter IV., 
Chamoy Leather — Chapter V., Morocco : I., Preliminary Operations , II., Morocco Tanning ; 
IIL, Mordants used in Morocco Manufacture; IV., Natural Colours used in Morocco 
Dyeing; V., Artificial Colours ; VI. Different Methods of Dyeing; VII., Dyeing with Natural 
Colours; VIIL, Dyeing with Aniline Colours; IX.. Dyeing with Metallic Salts; X., Leather 
Printing; XL, Finishing Morocco; XIL, Shagreen; XIII., Bronzed Leather — Chapter VI 
Gilding and Silvering: I., Gilding; IL, Silvering; III.. Nickel and Cobalt— Chapter VII 
Parchment — Chapter VIIL. Furs and Furriery: I., Preliminary Remarks; IL, Indlgenou. 
Furs; IIL, Foreign Furs from Hot Countries; IV.. Foreign Furs from Cold Countries; V.. 
Furs from Birds' Skins; VI., Preparation of Furs; VII., Dressing; VliL. Colouring; IX.. 
Preparation of Birds' Skins; X. Preservation of Furs — Chapter IX., Artificial Leather: I., 
Leather made from Scraps; II., Compressed Leather; III., American Cloth; IV., Papier 
Ma,ch6; v.. Linoleum; VI., Artificial Leather. 

Part v.. Leather Testing and the Theory of Tanning— Chapter I., Testing and Analysis 
of Leather: I., Physical Testing of Tanned Leather; IL, Chemical Analysis — Chapter II., 
The Theory of Tanning and the other Operations of the Leather and Skin Industry : I., 
Theory of Soaking; II. , Theory of Unhairing; III., Theory of Swelling; IV., Theory of 
Handling; V. Theory of Tanning; VI., Theory of the Action of Tannin on the Skin; VII., 
Theory of Hungary Leather Making; VIIL, Theory of Tawing; IX., Theory of Chamoy 
Leather Making ; X., Theory of Mineral Tanning. 

Part VI., Uses of Leather — Chapter I., Machine Belts: I., Manufacture of Belting; II. , 
Leather Chain Belts; III., Various Belts, IV., Use of Belts— Chapter 11., Boot and Shoe- 
making: L, Boots and Shoes; IL, Laces — Chapter IIL, Saddlery: L, Composition of a 
Saddle; IL, Construction of a Saddle— Chapter IV., Harness: I., The Pack Saddle; II., 
Harness — Chapter V., Military Equipment — Chapter VI., Glove Making — Chapter VII., 
Carriage Building — Chapter VIIL, Mechanical Uses. 

Appendix, The World's Commerce in Leather— I.. Europe; II., America; IIL, Asia 
IV., Africa; Australasia — Index. _ _ . , 

Press Opinions. 

"The book is well and lucidly written." — Shoe Manufactureys' Monthly Journal. 
"This book cannot fail to be of great value to all engaged in the leather trades. . . . " — 
Midland. Free Press. 
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" Gives much useful and interesting information concerning the various processes by which 
the skins of animals are converted into leather." — Leeds Mercury. 

" It can thus be confidently recommended to all who are more op less practically in- 
terested in the technology of a very important subject." — Leicester Post. 

'* This is, in every respect, an altogether admirable, practical, clear and lucid treatise on 
the various and numerous branches or the great leather industry, of which it deals in an ex- 
haustive, highly intelligent, workmanlike and scientific manner. . " — Shoe and Leather 
Trader. 

"It certainly should be worth the while of English tanners to see what lessons they can 
learn from French practice, and French practice, we should imajgine, could hardly have a 
-better exponent than the author of this large volume." — Western DaUy Press and Bristol Times. 

*' . . . As a work of reference the volume will be extremely useful in the trade, and where 
leisure affords sufficient opportunity a careful perusal and study of it would afford ample 
reward." — Kettering Guardian. 

Books on Pottery, Bricks, 
Tiles, Glass, etc. 

THE MANUAL OP PRACTICAL POTTING. Revised 
and Enlarged. Third Edition. 200 pp. 1901. Price 17s. 6d. ; India 
and Colonies, 18s. 6d. ; Other Countries, 20s. ; strictly net. 
Contents. 

Introduction. The Rise and Progress of the Potter's Art. — Chapters I., Bodies. China 
and Porcelain Bodies, Parian Bodies, Semi-porcelain and Vitreous Bodies, Mortar Bodies, 
Earthenwares Granite and C.C. Bodies, Miscellaneous Bodies, Sagger and Crucible Clays, 
Coloured Bodies, Jasper Bodies, Coloured Bodies for Mosaic Painting, Encaustic Tile Bodies, 
Body Stains, Coloured Dips. — II., Glazes. China Glazes, Ironstone Glazes, Earthenware 
GJazes, Glazes without Lead, Miscellaneous Glazes, Coloured Glazes, iWajolica Colours. — Ill- 
Gold and Cold Colours. Gold, Purple of Cassius, Marone and Ruby, Enamel Coloured 
Bases, Enamel Colour Fluxes, Enamel Colours, Mixed Enamel Colours, Antique and Vellum 
Enamel Colours, Underglaze Colours, Underglaze Colour Fluxes, Mixed Underglaze Colours, 
Flow Powders, Oils and Varnishes. — IV., Means and Methods. Reclamation of Waste 
Gold, The Use of Cobalt, Notes on Enamel Colours, Liquid or Bright Gold. — V., Classification 
and Analysis. Classification of Clay Ware, Lord Playfair's Analysis of Clays, The Markets 
of the World, Time and Scale of Firing, Weights of Potter's Material, Decorated Goods 
Count. — VI., Comparative Loss of Weight of Clays. — VII., Ground Felspar Calculations.— 
VIII., The Conversion of Slop Body Recipes into Dry Weight.— IX., The Cost of Prepared 
Earthenware Clay. — X., Forms and Tables. Articles of Apprenticeship, Manufacturer's 
Guide to Stocktaking, Table of Relative Values of Potter's Materials, Hourly Wages Tablp 
Workman's Settling Table, Comparative Guide for Earthenware and China Manufacturers in 
the use of Slop Flint and Slop Stone, Foreign Terms applied to Earthenware and China 
Goods, Table for the Conversion of Metrical Weights and Measures on the Continent of South 
America. — Index. 

CERAMIC TECHNOLOGY : Being some Aspects of Tech- 
nical Science as Applied to Pottery Manufacture. Edited by Charles 
F. BiNNS. 100 pp. Demy 8vo. 1897. Price 12s. 6d. ; India and 
Colonies, 13s. 6d. ; Other Countries, 15s. ; strictly net. 
Contents. 

Preface.— Introduction. — Chapters I., The Chemistry of Pottery. — II., Analysis and Syn- 
thesis.- — III., Clays and their Components. — IV., The Biscuit Oven. — ^V., Pyrometry. — VI., 
Glazes and their Composition. — VII., Colours and Colour-making. — Index. 

RECIPES FOR FLINT GLASS MAKING. By a British 

Glass Master and Mixer. Sixty Recipes. Being Leaves from the 
Mixing Book of several experts in the Flint Glass Trade, containing 
up-to-date recipes and valuable information as to Crystal, Demi-crystal 
and Coloured Glass in its many varieties. It contains the recipes for 
cheap metal suited to pressing, blowing, etc., as vfell as the most costly 
crystal and ruby. British manufacturers have kept up the quality of 
this glass from the arrivals of the Venetians to Hungry Hill, Stour- 
bridge, up to the present time. The book also contains remarks as 
to the result of the metal as it left the pots by the respective metal 
mixers, taken from their own memoranda upon the originals. 1900. 
Price for United Kingdom, 10s. 6d. ; Abroad, 15s. ; United States, $4 ; 
strictly net. 
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Contents. 

Ruby — Ruby from Copper— Flint for using with the Ruby for Coating— A German iVIetal — 
Cornelian, or Alabastei^-Sapphire Blue— Crysophis— Opal — Turquoise Blue— Gold Colour- 
Dark Green— Green (common)— Green for Malachite— Blue for Malachite^— Black for Mela- 
chite— Black— Common Canary Batch— Canary— White Opaque Glass— Sealing-wax Red- 
Flint— Flint Glass (Crystal and Demi)— Achromatic Glass— Paste Glass— White Enamel- 
Firestone— Dead White (for moons)— White Agate— Canary— Canary Enamel— Index. 

COLOURING AND DECORATION OP CERAMIC 

WARE. By Alex. Brongniart. With Notes and Additions 
by Alphonse Salvetat. Translated from the French, 200 pp. 1898. 
Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; 
strictly net. 

Contents. 

The Pastes, Bodies or Ceramic Articles Capable of being Decorated by Vitrifiable Colours 
— The Chemical Preparation of Vitrifiable Colours— Composition and Preparation of Vitrifiable 
Colours — ^The Oxides — Preparation of Oxides — Preparation of Chromates — Preparation of 
other Colours — Composition and Preparation of Fluxes — Muffle Colours — Recipes for Colours 
— Use of iVIetals— Lustres— Preparation and Application of Colours— Composition of Coloured 
Pastes — Underglaze Colours — Colours in the Glaze — Overglaze Colours— Painting in Vitri- 
fiable Colours — Gilding — Burnishing — Printing — Enlarging and Reducing Gelatine Prints — 
Muffle Kilns for Vitrifiable Colours — Influence of the Material on the Colour — Changes Re- 
sulting from the Actions of the Fire — Alterations Resulting from the Colours — Alterations in 
Firing. 

HOW TO ANALYSE CLAY. Practical Methods for Prac- 
tical Men. By Holden M. Ashby, Professor of Oi-ganic Chemistry, 
Harvey Medical College, U.S.A. Twenty Illustrations. 1898. Price 
2s. 6d. ; Abroad, 3s. ; strictly net. 

Contents 

List of Apparatus— List of Atomic Weights— Use of Balance, and Burette, Sand Bath, and 
Water Bath — Dessicator — Drying Oven — Filtering — Fusion — Determination of Water, Organic 
Matter, Iron, Calcium, Alkalies, Limestone, Silica, Alumina. Magnesium, etc. — Mechanical 
Analysis— Rational Analysis— Standard Solutions— Volumetric Analysis— Standards for Clay 
Analysis — Sampling. 

ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, Ena- 
melled Terra-cottas, Ordinai'y and Incrusted Quarries, Stoneware 
Mosaics, Faiences and Architectural Stoneware. By Leon Lef:evre. 
With Five Plates. 950 Illustrations in the Text, and numerous estimates. 
500 pp., royal 8vo. 1900. Translated from the French by K. H. Bird, 
M.A., and W. Moore Binns. Price 15s. ; India and Colonies, 16s. ; 
Other Countries, 17s. 6d. ; strictly net. 

Contents. 
Part I, Plain Undecorated Pottery.— Chapter I., Clays:, § I, Classification, General Geo- 
logical Remarks. — Classification, Origin, Locality; § 2, General Properties and Composition: 
Physical Properties, Contraction, Analysis, Influence of Various Substances on the Properties 
of Clays ; § 3, Working of Clay-Pits— I. Open Pits : Extraction, Transport, Cost— 11. Under- 
ground Pits — Mining Laws. Chapter II., Preparation of the Clay : Weathering, Mixing 
Cleaning, Crushing and Pulverising — Crushing Cylinders and Mills, Pounding Machines — 
Damping: Damping Machines — Soaking, Shortening, Pugging: Horse and Steam Pug-Mills, 
Rolling Cylinders — Particulars of the Above Machines. Chapter IIL, Bricks : § 1, Manufacture 
— (1) Hand and Machine Moulding, — I. Machines Working by Compression : on Soft Clay, on 
Semi-Firm Clay, on Firm Clay, on Dry Clay. — II. Expression Machines : with Cylindrical Pro- 
pellers, with Screw Propellers — Dies — Cutting-tables — Particulars of the Above Machines — 
General Remarks on the Choice of Machines — Types of Installations — Estimates — Plenishing, 
Hand and Steam Presses, Particulars — (2) Drying, by Exposure to Air, Without Shelter, and 
Under Sheds — Drying-rooms in Tiers, Closed Drying-rooms, in Tunnels, in Galleries — De- 
tailed Estimates of th^ Various Drying-rooms, Comparison of Prices — ^Transport from 
the Machines to the Drying-rooms, Barrows, Trucks, Plain or with Shelves, Lifts — (3) Firing 
— I, In Clamps — II. In Intermittent Kilns. ^,Open: a, using Wood; b Coal; 6', in Clamps ; 
b", Flame — B, Closed: c, Direct Flame; c', Rectangular; c". Round; d, Reverberatory — III. 
Continuous Kilns : C, with Solid Fuel : Round Kiln, Rectangular Kiln, Chimneys (Plans and 
Estimates)—!), With Gas Fuel, Fillard Kiln (Plans and Estimates), Schneider Kiln (Plans and 
Estimates), Water-gas Kiln — Heat Production of the Kilns ; § 2, Dimensions, Shapes, Colours, 
Decoration, and Quality of Bricks — Hollow Bricks, Dimensions and Prices of Bricks, Various 
Shapes, Qualities — ^Various Hollow Bricks, Dimensions, Resistance, Qualities ; § 3, Applications 
— History — ^Asia, Africa, America, Europe : Greek, Roman, Byzantine, Turkish, Romanesque, 
Gothic, Renaissance, Architecture — Architecture of the Nineteenth Century: in Germany, 
England, Belgium. Snain. Holland, France, America — Use of Bricks — Walls Arches Pavements 
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Flues, Cornices — Facing with Coloured Bricks — Balustrades. Chapter IV., Tiles: § 1, His- 
tory; § 2, Manufacture — (1) Moulding, by Hand, by Machinery: Preparation of the Clay, Soft 
Paste, Firm Paste, Hard Paste — Preparation of the Slabs, Transformation into Flat Tiles, into 
Jointed Tiles — Screw, Cam and Revolver Presses — Particulars of Tile-presses — (2) Drying — 
Planchettes, Shelves, Drying-barrows and Trucks — (3) Firing — Divided Kilns — Installation of 
Mechanical Tileworks — Estimates ; § 3, Shapes, Dimensions and Uses of the Principal Types 
of Tile — Ancient Tiles : Flat, Round, Roman, Flemish — Modern Tiles— With Vertical Inter- 
rupted Join: Gilardoni's, Martin's; Hooked, Boulet's Villa; with Vertical Continuous Join: 
MuHer's, Alsace, Pantile — Foreign Tiles — Special Tiles — Ridge Tiles. Coping Tiles, Border 
Tiles, Frontons, Gutters, Antefixes, Membron, Angular — Roofing Accessories : Chimney-pots^ 
Mitrons, Lanterns, Chimneys— Qualities of Tiles — Black Tiles— Stoneware Tiles — Particulars 
of Tiles, Chapter V., Pipes: I. Conduit Pipes — Manufacture — Moulding : Horizontal 
Machines, Vertical Machines, Worked by Hand and Steam — Particulars of these Machines 
— Drying-— Firing — II. Chimney Flues — Ventiducts and " Boisseaux," " Waggons " — Particulars 
of these Products. Chapter VI., Quarries : 1, Plain Quarries of Ordmary Clay ; 2, of Cleaned 
Clay — Machines, Cutting, Mixing, Polishing-=^Drying and Firing — Applications — Particulars of 
Quarries. Chapter VII., Terra-cotta : History — Manufacture — Application : Balustrades, 
Columns, Pilasters, Capitals, Friezes, Frontons, Medallions, Panels, Rose-windows, Ceilings 
— ^Appendix: Official Methods of Testing Terra-cottas. 

Part n. Made°up or Decorated Pottery. — Chapter I., General Remarks on the Deco- 
ration of Pottery : Dips — Glazes ; Composition, Colouring, Preparation, Harmony with 
Pastes — Special Processes of Decoration — Enamels, Opaque, Transparent, Colours, Under- 
glaze. Over-glaze — Other Processes : Crackling, Mottled, Flashing, Metallic Iridescence* 
Lustres. Chapter II., Glazed and Enamelled Bricks — History: Glazing — Enamelling — ^Appli- 
cations: Ordinary Enamelled Bricks, Glazed Stoneware, Enamelled Stoneware — Enamelled 
Tiles. Chapter III., Decorated Quarries: I. Paving Quarries — 1, Decorated with Dips — 2», 
Stoneware: A, Fired to Stoneware; a, of Slag Base — Applications; b, of Melting Clay — 
Applications — 5, Plain or Incrusted Stoneware; a, of Special Clay (Stoke-on-Trent) — Manu- 
facture — Application — b, of Felspar Base — Colouring, Manufacture, Moulding, Drying, Firing 
— Applications. — II. Facing Quarries — 1, in Faience-r-^, of Limestone Paste — B, of Silicious. 
Paste — C, of Felspar Paste — Manufacture, Firing — 2, of Glgzed Stoneware — 3, of Porcelain- 
Applications of Facing Quarries. — III. Stove Quarries — Preparation of the Pastes, Moulding, 
Firing, Enamelling, Decoration — Applications — Faiences for Fireplaces. Chapter IV., Archi- 
tectural Decorated Pottery: § 1, Faiences; § 2, Stoneware; § 3, Porcelain. Chapter V., 
Sanitary Pottery: Stoneware Pipes: Manufacture, Firing — Applications — Sinks — Applications 
— Urinals, Seats and Pans — Applications — Drinking-fountains, Washstands. — Index. 

A -pREATISE ON THE CERAMIC INDUSTRIES. A 

Complete Manual for Pottery, Tile and Brick Works. By Emile 
BouRRY, Ingenieur des Arts et Manufactures. Translated from the 
French by Wilton P. Rix, Examiner in Pottery and Porcelain to the 
City and Guilds of London Technical Institute, Pottery Instructor to 
the Hanley School Board. Royal Svo. 1901. Over 700 pp. Price 
21s. ; India and Colonies, 22s. ; Other Countries, 23s. 6d. ; strictly net. 

Contents. 

Part I., General Pottery Methods. Chajjters I., Definition and History. Definitions 
and Classification of Ceramic Products — Historic Summary of the Ceramic Art. — II., Raw 
Materials of Bodies. Clays : Pure Clay and Natural Clays — Various Raw Materials : Analogous-' 
to Clay — Agglomerative and Agglutinative — Opening — Fusible — Refractory — Trials of Raw 
Materials. — III., Plastic Bodies. Properties and Composition — Preparation of Raw Materials: 
Disaggregation — Purification — Pref)aration of Bodies : By Plastic Method — By Dry Method — 
By Liquid Method. — IV., Formation. Processes of Formation : Throwing — Expression — 
Moulding by Hand, on the Jolley, by Compression, by Slip Casting — Slapping — Slipping. — V.^ 
Drymg. Drying of Bodies — Processes of Drying : By Evaporation — By Aeration — By 
Heating — By Ventilation — By Absorption. — VI., Glazes. Composition and Properties — Raw 
Materials — Manufacture and Application. — VII., Firing. Properties of the Bodies and Glazes 
during Firing — Description.of the Kilns — Working of the Kilns. — VIII., Decoration. Colouring. 
Materials — Processes of Decoration. 

Part II., Special Pottery Methods. Chapters IX., Terra Cottas. Classification: 
Plain Ordinary, Hollow, Ornamental, Vitrified, and Light Bricks — Ordinary and Black Tiles — 
Paving Tiles — Pipes — Architectural Terra Cottas — Vases, Statues and Decorative Objects — 
Common Pottery — Pottery for Water and Filters — Tobacco Pipes — Lustre Ware — Properties- 
and Tests for Terra Cottas. — X., Fireclay Goods. Classification; Argillaceous, Aluminous^ 
Carboniferous, Silicious and Basic Fireclay Goods — Fireclay Mortar (Pug) — Tests for Fireclay 
Goods. — XL, Faiences. Varnished Faiences— Enamelled Faiences — Silicious Faiences — Pipe- 
clay Faiences — ■Pebble Work — Feldspathic Faiences — Composition, Processes of Manufacture- 
and General Arrangements of Faience Potteries. — XIL, Stoneware. Stoneware Properly So- 
called: Paving Tiles— Pipes — Sanitary Ware — Stoneware for Food Purposes and Chemical 
Productions — Architectural Stoneware — Vases, Statues and other Decorative Objects — Fine 
Stoneware. — XIII., Porcelain. Hard Porcelain for Table Ware and Decoration, for the Fire^ 
for Electrical Conduits, for Mechanical Purposes ; Architectural Porcelain, and Dull or Biscuit 
Porcelain — Soft Phosphated or English Porcelain — Soft Vitreous Porcelain, French and New 
Sevres — Argillaceous Soft or Seger's Porcelain — Dull Soft or Parian Porcelain — Dull Felds- 
pathic Soft Porcelain. — Index. 
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THE ART OF RIVETING GLASS, CHINA AN1> 
EARTHENWARE. By J. Howarth. Second Edition, 
1900. Price Is. net; by post, home or abroad, Is. Id. 

Contents. 

Tools and Materials Required — Wire Used for Rivets — Soldering Solution — Preparation 
for Drilling — Commencement of Drilling — Cementing — Preliminaries to Riveting — Rivets ta" 
Make — To Fix the Rivets — Through-and-th rough Rivets — Soldering — Tinning a Soldering-iron 
— Perforated Plates, HandJes, etc. — Handles of Ewers, etc. — Vases and Comports — Marble 
and Alabaster Ware — Decorating — How to Loosen Fast Decanter Stoppers — China Cements. 

NOTES ON POTTERY CLAYS. Their Distribution, Pro- 
perties, Uses and Analyses of Ball Clays, China Clays and China 
Stone. By Jas. Fairie, F.G.S. 1901. 132 pp. Crown 8vo. Price 
3s. 6d. ; India and Colonies, 4s. ; Other Countries, 4s. 6d. ; strictly net. 

Contents. 

Definitions — Occurrence — Brick Clays — Fire Clays — Analyses of Fire Clays. — Ball Clays- 
Properties — Analyses — Occurrence — Pipe Clay — Black Clay — Brown Clay — Blue Clay — Dor- 
setshire and Devonshire Clays. — China Clay or Kaolin — Occurrence — Chinese Kaolin — Cornish 
Clays — Hensbarrow Granite — Properties, Analyses and Composition of China Clays — 
Method of Obtaining China Z'iay — Experiments with Chinese Kaolin — Analyses of Chinese 
and Japanese Clays and Bodies — Irish Clays.^Chinese Stone — Composition — Occurrence — 
Analyses. — Index. 

PAINTING ON GLASS AND PORCELAIN AND 
ENAMEL PAINTING. A Complete Introduction to the 
Preparation of all the Colours and Fluxes used for Painting on Porce- 
lain, Enamel, Faience and Stoneware, the Coloured Pastes and Col- 
oured Glasses, together with a Minute Description of the Firing of 
Colours and Enamels. On the Basis of Personal Practical Experience 
of the Condition of the Art up to Date. By Felix Hermann, Technical 
Chemist. With Eighteen Illustrations. 300 pp. Translated from* the 
German second and enlarged Edition. 1897. Price IDs. 6d. ; India 
and Colonies, lis.; Other Countries, 12s.; strictly net. 

Contents. 

History of Glass Pani ting.— Chapters I., The Articles to be Painted : Glass, Porcelain^ 
Enamel, Stoneware, Faience. — II., Pigments: 1, Metallic Pigments: Antimony Oxide, Naples 
Yellow, Barium Chromate, Lead Chromate, Silver Chloride, Chromic Oxide. — III., Fluxes: 
Fluxes, Felspar, Quartz, Purifying Quartz, Sedimentation, Quenching, Borax, Boracic Acid». 
Potassium and Sodium Carbonates, Rocaille Flux. — IV., Preparation of the Colours for Glass 
Painting. — V., The Colour Pastes. — VI., The Coloured Glasses.-^VII., Composition of the 
PorceJam Colours. — VIII., The Enamel Colours: Enamels for Artistic Work. — IX., Metallic- 
Ornamentation : Porcelain Gilding, Glass Gilding. — X., Firing tbe Colours: 1, Remarks on 
Firing : Firing Colours on Glass, Firing Colours on Porcelain ; 2, The Muffle. — XI., Accidents, 
occasionally Supervening during the Process of Firing. — XII., Remarks on the DifFerent 
Methods of Painting on Glass, Porcelain, etc, — Appendix: Cleaning Old Glass Paintings. 

Press Opinions. 

"Will be found of much interest to the amateur." — Art Amateur, New York. 

•*. . . The whole cannot fail to be both of service and interest to glass workers and to- 
potters generally, especially those employed upon high-class work." — Staffordshire Sentinel. 

" For manufacturers and students it will be a valuable work, and the recipes which appear 
on almost every page form a very valuable feature." — Builders Journal, 

"... Very careful instructions are given for the chemical and mechanical preparation of 
the colours used in glass-staining and porcelain-painting; indeed, to the china painter such a^ 
book as this should be of permanent value." — Daily Chronicle, 

A TREATISE ON THE ART OF GLASS PAINTING, 

Prefaced with a Review of Ancient Glass. By Ernest R. Suppling. 
With One Coloured Plate and Thirty-seven Illustrations. Demy 8vo. 
140 pp. 1902. Price 7s. 6d. ; India and Colonies, 8s. ; Other Counti-ies, 
8s. 6d. net. 

Contents. 

Chapters I., A Short History of Stained Glass.— H., Designing Scale Drawings.— III., Car- 
toons and the Cut Line. — IV., Various Kinds of Glass Cutting for Windows. — V., The Colours- 
and Brushes used in Glass Painting.— VI., Painting on Glass, Dispersed Patterns.- VH 
Diapered Patterns — Adding- Firing. — VIII., Fret Lead Glazing. — Index. 
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A Reissue of 
THE HISTORY OF THE STAFFORDSHIRE POTTER- 
IES ; AND THE RISE AND PROGRESS OF THE 
MANUFACTURE OF POTTERY AND PORCELAIN. 

With References to Genuine Specimens, and Notices of Eminent Pot- 
ters. By Simeon Shaw. (Originally Published in 1829.) 265 pp. 
1900. Demy 8vo. Price 7s. Gd. ; India and Colonies, 8s. ; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 
Introductory Chapter showing the position of the Pottery Trade at the present time 
1899).— Chapters I., Preliminary Remarks.— II., The Potteries, comprising Tunstall, 
iBrownhills, Greenfield and New Field, Golden Hill, Latebrook, Green Lane, Burslem, Long- 
port and Dale Hall, Hot Lane and Cobridge, Hanley and Shelton, Etruria, Stoke, Penkhull, 
Fenton, Lane Delpli, Foley, Lane End. — ^III., On the Origin of the Art, and its Practice 
among the early Nations. — IV., Manufacture of Pottery, prior to 1700. — V., The Introduc- 
tion of Red Porcelain by Messrs. Elers, of Bradwell, 1690. — VI., Progress of the Manu- 
facture from 1700 to Mr. Wedgwood's commencement in 1760. — VII.. Introduction of Fluid 
Glaze. — Extension of the Manufacture of Cream Colour. — Mr. Wedgwood's Queen's Ware. — 
Jasper, and Appointment of Potter to Her Ma,jesty. — Black Printing. — VIII., Introduction 
of Porcelain. Mr. W. Littler's Porcelain. — Mr. Cookworthy's Discovery of Kaolin and 
Petuntse, and Patent. — Sold to Mr, Champion — resold to the New Hall Com. — ^Extension of 
Term.— IX., Blue Printed Pottery. Mr. Turner, Mr. Spode (1), Mr. Baddeley, Mr. Spode 
(2), Messrs. Turner, Mr. Wood, Mr. Wilson, Mr. Minton. — Great Change in Patterns of Blue 
Printed. — X., Introduction of Lustre Pottery. Improvements in Pottery and Porcelain 
subsequent to 1800. 

Press Opinions. 

'* There is much curious and useful information in the work, and the publishers have rendered 
the public a service in reissuing it." — Burton Mail. 

" Copies of the original work are now of considerable value, and the facsimile reprint now 
issued cannot but prove of considerable interest to all interested in the great industry." — Derby 
Mercury. 

A Reissue of 
THE CHEMISTRY OF THE SEVERAL NATURAL 
AND ARTIFICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUFACTURING POR- 
CELAIN, GLASS AND POTTERY. By Simeon Shaw. 
(Originally published in 1837.) 750 pp. 1900. Royal 8vo. Price 14s. ; 
India and Colonies, 15s. ; Other Countries, 16s. 6d. ; strictly net. 
Contents. 
PART I., ANALYSIS AND MATERIALS.— Chapters I., Introduction : Laboratory and 
Apparatus ; Elements : Combinative Potencies, Manipulative Processes for Analysis and 
Reagents, Pulverisation, Blow-pipe Analysis, Humid Analysis, Preparatory Manipulations, 
Genera] Analytic Processes, Compounds Soluble in Water, Compounds Soluble only in Acids, 
Compounds (Mixed) Soluble in Water, Compounds (Mixed) Soluble in Acids, Compounds 
(Mixed) Insoluble, Particular Analytic Processes. — II., Temperature: Coal, Steam Heat for 
Printers' Stoves. — III., Acids and Alkalies : Boracic Acid, Muriatic Acid, Nitric Acid, Sul- 
phuric Acid, Potash, Soda, Lithia, Calculation of Chemical Separations. — IV., The Earths : 
Alumine, Clays, Silica, Flint, Lime, Plaster of Paris, Magnesia, Barytes, Felspar, Grauen (or 
China Stone), China Clay, Chert. — V., Metals : ReciprocarCombinative Potencies of the Metals, 
Antimony, Arsenic, Chromium, Green Oxide, Cobalt, Chromic Acid, Humid Separation of 
Nickel from Cobalt, Arsenite of Cobalt, Copper, Gold, Iron, Lead, Manganese, Platinum, Silver, 
Tin, Zinc. 

PART n., SYNTHESIS AND COMPOUNDS.— Chapters I., Sketch of the Origin and 
Progress of the Art, — II., Science of Mixing: : Scientific Principles of the Manufacture, Com- 
binative Potencies of the Earths. — III., Bodies : Porcelain — Hard, Porcelain — Fritted Bodies, 
Porcelain — Raw Bodies, Porcelain — Soft, Fritted Bodies, Raw Bodies, Stone Bodies, Ironstone, 
Dry Bodies, Chemical Utensils, Fritted Jasper, Fritted Pearl, Fritted Drab, Raw Chemical 
Utensils, Raw Stone, Raw Jasper, Raw Pearl, Raw Mortar, Raw Drab, Raw Brown, Raw Fawn, 
Raw Cane, Raw Red Porous, Raw Egyptian, Earthenware, Queen's Ware, Cream Colour, Blue 
and Fancy Printed, Dipped and Mocha, Chalky, Rings, Stilts, etc, — IV., Glazes ; Porcelain — 
Hard Fritted, Porcelain — Soft Fritted, Porcelain — Soft Raw, Cream Colour Porcelain, Blue 
Printed Porcelain, Fritted Glazes, Analysis of Fritt, Analysis of Glaze, Coloured Glazes, Dips, 
Smears and Washes ; Glasses : Flint Glass, Coloured Glasses, Artificial Garnet, Artificial 
Emerald, Artificial Amethyst, Artificial Sapphire, Artificial Opal, Plate Glass, Crown Glass, 
Broad Glass, Bottle Glass, Phosphoric Glass, British Steel Glass, Glass-Staining and Painting, 
Engraving on Glass, Dr. Faraday's Experiments. — V., Colours : Colour Making, Fluxes or 
Solvents, Components of the Colours; Reds, etc., from Gold, Carmine or Rose Colour* 
Purple, Reds, etc., from Iron, Blues, Yellows, Greens, Blacks, White, Silver for Burnishing, 
Gold for Burnishing, Printer's Oil, Lustres. 

PART III., TABLES OF THE CHARACTERISTICS OF CHEMICAL SUB- 
STANCES 
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„ r^^ . Press Opinions. 

... There is an excellent historical sketch of the origin and progress of the art of pottery 
-which shows the intimate knowledge of classical as well as (the then) modern scientific litera- 
'ture possessed by the late Dr. Shaw"— Glasgow Herald. 

"The historical sketch of the origin and progress of pottery is very interesting and instruc- 
tive. The science of mixing is a problem of great importance, and the query how the natural 
^products, alumina and silica can be compounded to form the best wares may be solved by the 
-aid of chemistry instead of by guesses, as was formerly the case. This portion ot the book may 
be most suggestive to the manufacturer, as also the chapters devoted to the subject of glazes, 
.glasses and colours." — Birmingham Post. 

" Messrs. Scott, Greenwood & Co. are doing their best to place before the pottery trades 
some really good books, and their spirited enterprise ts worthy of encouragement, for the 
utility of technical literature bearing upon the i ractical side of potting goes without saying. 
. . . They are to be congratulated on their enterprise in republishing it." — Stajfordshire 
Sentinel. 

Paper Making. 

THE DYEING OP PAPER PULP. A Practical Treatise for 

the use of Papermakers, Paperstainers, Students and others. By 

Julius Erfurt, Manager of a Paper Mill. Translated into English 

and Edited with Additions by Julius Huener, F.C.S., Lecturer on 

Papermaking at the Manchester Municipal Technical School. With 

Illustrations and 157 patterns of paper dyed in the pulp. Royal 

8vo, 180 pp. 1901. Price 15s. ; India and Colonies, 16s. ; Other 

Countries, 20s. ; strictly net. Limited edition. 

Contents. 

1., Behaviour of the Paper Fibres during: tlie Process of Dyeing:, Theory of the 

Mordant.— II., Colour Fixing Mediums (Mordants).— III., Influence of the Quality of 

'the Water Used.— IV., Inorganic Colours.— V., Organic Colours.— VI., Practical 

Application of the Coal Tar Colours according to their Properties and their 

Behaviour towards the Different Paper Fibres. — Vll., Dyed Patterns on Various Pulp 

Mixtures. — Dyeing to Shade. — Index. 

Press Opinions. 

*' The book is one that is of value to every one connected with the colouring of paper." — 
Paper Trade Journal. 

" The great feature of the volume is undoubtedly the series of actual patterns of dyed 
papers, 157 in all — twelve of which, made in England, have been added to the original German 
series. Detailed formulae are given for the preparation of the pulp for each, and the tints of 
the samples practically form a key, by means of which the accuracy of the student's or 
.practitioner's experiments can be tested. . . ." — World's Paper Trade Review, 

Enamelling on Metal. 

-ENAMELS AND ENAMELLING. An Introduction to the 
Preparation and Application of all Kinds of Enamels for Technical and 
Artistic Purposes. For Enamel Makers, Workers in Gold and Silver, 
.and Manufacturers of Objects of Art. By Paul Randau. Translated 
from the German. With Sixteen Illustrations. 180 pp. 1900. Price 
10s. 6d. ; India and Colonies, lis. ; Other Countries, 12s. ; strictly net. 
Contents. 

I., Introduction. — II., Composition and Properties of Glass. — HI., Raw Materials for the 
Manufacture of Enamels. — IV., Substances Added to Produce Opacity. — ^V., Fluxes. — VI., Pig- 
ments. — ^VII,, Decolorising Agents. — VIII., Testing the Raw Materials with the Blow-pipe 
Flame. — IX., Subsidiary Materials. — X., Preparing the Materials for Enamel Making. — XI., 
Mixing the Materials. — ^XII., The Preparation of Technical Enamels, The Enamel Mass. — 
XIII., Appliances for Smeltmg the Enamel Mass. — XIV., Smelting the Charge. — XV., Com- 
position of Enamel Masses. — XVI., Composition of Masses for Ground Enamels. — XVII., 

"Composition of Cover Enamels. — XVIII., Preparing the Articles for Enamelling, — XIX., 
Applying the Enamel. — XX., Firing the Ground Enamel. — XXI., Applying and Firing the 

tCover Enamel or Glaze. — XXII., Repairing Defects in Enamelled Ware. — XXIII., Enamelling 
Articles of Sheet Metal.^XXIV., Decorating Enamelled Ware. — XXV., Specialities in Ena- 
melling. — XXVI., Dial-plate Enamelling. — XXVII., Enamels for Artistic Purposes, Recipes 

'For Enamels of Various Colours. — Index. 

Press Opinions. 

" Should prove of great service to all who are either engaged in or interested in the art of 
■enamelling."— /eweWers and Watchmakers' Trade Advertiser. 

" I must inform you that this is the best book ever I have come across on enamels, and it is 
'worth double its cost." — J. Minchin, Jr., Porto, Portugal, 22nd July, 1900. 

"This is a very useful and thoroughly practical treatise, and deals with every branch of the 
enameller's art."— ^Invention. 
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THE ART OF ENAMELLING ON METAL. By W.. 

Norman Brown. Twenty-eight Illustrations. Crown Svo. 60 pp- 
1900. Price 2s. 6d. ; Abroad, 3s. ; strictly net. 
Contents. 

Chapters I., History — Cloisonnfe — Champs Lev6 — Translucent Enamel' — Surface Painted! 
Enamels. — II., Cloisonne — Champs Levfe— Translucent — Painted. — III., Painted Enamel — 
Apparatus — Furnaces and Muffles for Firing. — IV., The Copper Base or Plate — Planishing — 
Cloisons — Champ Lev6 Plates. — ^V., Enamels — ^Trituration — Washing — Coating a Plate with* 
Enamel — Firing Ordinary Plaques for Painting — Designing — Squaring off..— VI., Designs for- 
Cloisonn6 — Designs for Painted Enamels — Technical Processes — Brushes,, etc., — Colours — 
Grisaille — Full-Coloured Designs. 

Press Opinion. 

" The information conveyed in The Art of Enamelling on Metal is as complete as can be ex- 
pected in a manual of ordinary length, and is quite ample in all respects to start students in at 
most interesting branch of decorative art." — Hardware Metals and Machinery. 

Books on Textile and Dyeing 
Subjects. 

THE TECHNICAL TESTING OF YARNS AND TEX- 
TILE FABRICS. With Reference to Official Specifica- 
tions. Translated from the German of Dr. J. Herzfeld. SecondJ 
Edition. Sixty-nine Illustrations. 200 pp. Demy Svo. 1902. Price 
10s. 6d. ; India and Colonies, lis. ; Other Countries, 12s. ; strictly net. 

Contents. 

Yam Testing. HI., Determining tlift Yarn Number,— IV.» Testing the Length o% 
Yams. — v., Examination of the External Appearance of Yarn. — VI^ Determining the 
Twist of Yarn and Twist.— VII., Determination of Tensile Strength and Elasticity.— 
VIII., Estimating the Percentage of Fat in Yarn.— IX., Determination of Moisture- 
(Conditioning).— Appendix 

Press Opinions. 

" Ic would be well if our English manufacturers would avail themselves of this important 
addition to the extensive list of German publications which, by the spread oi technical infor- 
mation, contribute in no small degree to the success, and sometimes to the supremacy, of 
Germany in almost every branch of textile manufacture.'* — Manchester Courier. 

" This is probably the most exhaustive book published in English on the subject." — Textile' 
Recorder. 

" A careful study of this book enables one to say with certainty that it is a standard work on 
the subject." — Glasgow Herald. 

"... For the first time all the data relating to both physical and chemical tests as used 
throughout the whole of the textile industry, so that not only the commercial and textile 
chemist, who has frequently to reply to questions on these matters^ but also the practical 
manufacturer of textiles and his subordinates, whether in spinnings weaving, dyeing, and 
finishing, are catered for. . . . The book is profusely illustrated, and the subjects of these 
illustrations are clearly described." — Textile Manufacturer. 

DECORATIVE AND FANCY TEXTILE FABRICS. 

With Designs and Illustrations. By R. T. Lord. A Valuable Book for 
Manufacturers and Designers of Carpets, Damask, Dress and all Textile 
Fabrics. 200 pp. 1898. Deniy8vo. 132 Designs and Illustrations. Price 
7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net.. 
Contents. 

Chapters I., A Few Hints on Designing Ornamental Textile Fabrics. — II., A Few Hints on 
Designing Ornamental Textile Fabrics (continued). — II1.» A Few Hints on Designing Orna- 
mental Textile Fabrics (continued). — IV., A Few Hints on Designing Ornamental Textile 
Fabrics (continued). — V., Hints for Ruied-paper Draughtsmen. — VI., The Jacquard Machine. — 
VII., Brussels and Wilton Carpets. — VIII., Tapestry Carpets. — IX., Ingrain Carpets. — X.^ 
Axminster Carpets. — XI., Damask and Tapestry Fabrics. — XII., Scarf Silks and Ribbons. — 
XIII., Silk Handkerchiefs.— XIV., Dress Fabrics.— XV., Mantle Cloths.— XVI., Figured Plush- 
—XVII., Bed Quilts.— XVIII., Calico Printing. 

Press Opinions. 

" The book can be strongly recommended to students and practical men." — Textile ColouHst^ 

"Those engaged in the designing of dress, mantle tapestry,. carpet and other ornamental 
textiles will find this volume a useful work of reference." — Leeds Mercury. 

" To be commended as a model manual." — Dundee A dvertiser. 

" Designers especially, who desire to make progress in their callingrwlll do well to take the- 
hints thrown out in the first four chapters on 'Designing Oroannental Textile Fabrics'." — 
Nottingham Daily Guardian. 
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IPOWER-LOOM WEAVING AND YARN NUMBERING, 

According to Various Systems, with Conversion Tables. An Auxiliary 
and Text-book for Pupils of Weaving Schools, as well as for Self- 
Instruction and for General Use by those engaged in the Weaving 
Industry. Translated from the German of Anthon Gruner. With 
Twenty-Six Diagrams in Colours. 150 pp. 1900. Crown 8vo. Price 
7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 
Contents. 
I., Power=Looin Weaving- in General. Various Systems of Looms.— II., Mounting: 
«nd Starting: the Power-Loom. English Looms.^Tappet or Treadle Looms.— Dobbies.— 
III., General Remarks on the Numbering, Reeling: and Packing: of Yarn.— Appendix.— 
^Useful Hints. Calculating Warps.— Weft Calculations,— Calculations of Cost Price in Hanks. 

Press Opinions. 

" A long-felt want in the weaving industry." — Belfast Evening Telegraph. 

"The author has dealt very practically with the subject." — Bradford Daily Telegraph. 

" The book . . . should prove invaluable to the student." — Cotton Factory Times. 

"It is a capital text-book for use in the weaving schools or for self-instruction, while all 
•engaged in the weaving industry will find its suggestions helpful."— JVortAem Daily Telegraph. 

" Yarn numbering according to various systems, with conversion tables and numerous 
^coloured diagrams, materially assist to a clear comprehension of the subject.'* — Northern Whig. 

" The • inside ' managers of our textile mills in which the work is complex or greatly varied, 
and where yarns of different materials are in use, will find this work convenient for reference." 
— Textile Mercury. 

"The author attempts to fill a gap inweaving literature caused by the neglect of many 
■obscure points connected with the industry." — Cheshire County News, 

"It is clear and concise, and gives just that knowledge in quality and amount which any 
■student of the weaving industry ought to consider as a minimum necessary for his thorough 
• comprehension of his future profession." — North British Daily Mail. 

"... The work should prove of much value, as it is in every sense practical, and is put 
before the reader in such a clear manner that it can be easily understood." — Textile Industries. 

" The smallest details of loom-setting are entered into, and a full explanation of problems, 
which are a source of anxiety to many engaged in overlooking, is given. Students will find 
^the work an admirable text-book, and all who are interested in weaving will see in it a valuable 
■addition to the literature on this subject." — Bradford Observer. 

THE CHEMICAL TECHNOLOGY OF TEXTILE 
FIBRES : Their Origin, Structure, Preparation, Washing, 
Bleaching, Dyeing, Printing and Dressing. By Dr. Georg von 
Georgievics. Translated from the German by Charles Salter. 
320 pp. Forty-seven Illustrations. Royal 8vo. 1902. Price 10s. 6d. ; 
India and Colonies, lis. ; Other Countries, 12s. net. 
Contents. 
Chapters I,, The Textile Fibres.— Artificial Fibres— Mineral Fibres— Vegetable Fibres— 
^Cellulose — Cotton — Bombax Cotton — Vegetable Silk — Flax — Hemp — Jute — Ramie, Rhea, China 
Grass, Nettle Fibre — Distinguishing Tests for the Various Fibres — Animal Fibres : Silk — Animal 
Hairs — Sheep's Wool — Goat Wool and Camel Wool — Artificial Wool (Wool Substitutes) — 
rConditioning. — H., Washing:, Bleaching:, Carbonising-.— Washing and Bleaching (Definition) 
— Bleaching Agents — Cotton Bleaching — Linen Bleaching — Jute Bleaching — Hemp Bleaching 
— Ramie Bleaching — Scouring and Bleaching Silk — Washing and Bleaching Wool — Blueing or 
White Dyeing— Carbonising.—nL, Mordants and Mordanting. — Mordants: Mordanting 
Wool — Mordanting Silk— Mordanting Cotton — Alumina Mordants — Iron Mordants — Chrome 
Mordants — Tin Mordants — Copper and other Mordants — The Fixing Agents (Acid Mordants) : 
"Tannic Acids— Oleic Acids.— IV,, Dyeing:.— (1) Theory of Colour: Combination of Colours: 
Dyeing to Pattern — (2) Theory of Dyeing — (3) Classification of Dye Stuffs : Methods of Dyeing — 
Application of Acid Dye Stuffe — Application of Basic Dye Stufi's — Application of Direct or 
Substantive Cotton Dyes — Application of the Mordant Dyes : Dyeing with Cochineal — Black 
-and Blue Dyeings with Logwood on Wool — Turkey-Red Dyeing — Dyeing with Catechu — Black- 
Dyeing Cotton with Logwood — ^Ai)pIication of the Vat Dyes — Application of the Developing 
,Dyes — (4) Dyeing on a Manufacturing Scale: Selection of Dye Stuffs for Dyeing — Silk Dyeing 
— Wool Dyeing — Cotton IDyeimg — Dyeing Mixed Fabrics — (5) Sample Dyeings, Colorimetric 
Determinations, Reactions of Dye Stuffs on the Fibre, Tests for Fastness— V., Printing'. — 
Hand Printing — The Perrotine Press — The Cylinder Press — Calico Printing : (1) Reproduction 
of Pattern by Direct Printing : Thickening Agents — Employment of Mordant Dye Stuffs, Basic, 
Albumin, Direct, Developing, Vat, Acid — Treatment of the Goods when Printed — (2) Combined 
Printing and Dyeing — (3) Discharge Stj^le Printing : Discharging the Mordant — Discharging 
Antimony Tannate — Discharging the Finished Dye — Turkey-Red Discharge Style — (4) Reserve 
Style Printing— (5) Topping Printing— Wool Printing— Silk Printing— Printing Yarns, Warps, 
and Combed Sliver.— VI., Dressing and Finishing.— Dressing and Finishing — Substances 
used in Finishing: (1) Starch, Gum, etc. — (2) Fatty Substances — (3) Hygroscopic Materials — 
(4) Loading Ingredients — (5) Colouring for the Dressing Preparations — (6) Metals or their 
Sulphites — (7) Waterproofing — (8) Fireproofing— (9) Antiseptics for Prevention of Mould — 
Application of Dressings — Drying — Stretching — Finishing: Shearing, Damping, Calendering, 
Beetling, Moird or Watered Effects, Stamping — Finishing Woollens. — Index. 
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COLOUR: A HANDBOOK OF THE THEORY OF 
COLOUR. By George H. Hurst, F.C.S. With Teii 
Coloured Plates and Seventy-two Illustrations. 160 pp. Demy 8vo. 
1900. Price 7s. 6d. ; India and Colonies, Ss. ; Other Countries, 8s. 6d. - 
strictly net. 

Contents. 

Chapters I., Colour and Its Production. Light, Colour, Dispersion of White Lights 
Methods of Producing the Spectrum, Glass Prism and Diffraction Grating Spectroscopes, The 
Spectrum, Wave Motion of Light, Recomposition of White Light, Hue, Luminosity, Purity 
of Colours, The Polariscope, Phosphorescence, Fluorescence, Interference. — IL, Cause oft 
Colour in Coloured Bodies. Transmitted Colours, Absorption Spectra of Colouring 
Matters. — IIL, Colour Phenomena and Theories. Mixing Colours, White Light from 
Coloured Lights, Effect of Coloured Light on Colours, Complementary Colours, Young- 
Helmholtz Theory, Brewster Theory, Supplementary Colours, Maxwell's Theory, Colour- 
Photography. — IV., The Physiology of Lis;ht. Structure of the Eye, Persistence of Vision,. 
Subjective Colour Phenomena, Colour Blindness. — ^V., Contrast. Contrast, Simultaneous 
Contrast, Successive Contrast, Contrast of Tone. Contrast of Colours, Modification of Colours 
by Contrast, Colour Contrast in Decorative Design. — VI., Colour in Decoration and* 
Design. Colour Harmonies, Colour Equivalents, Illumination and Colour, Colour and 
TextUe Fabrics, Surface Structure and Colour. — VII., Measurement of Colour. Colour- 
Patch Method, The Tintometer, Chromometer. 

Press Opinions. 

'* This useful little book possesses considerable merit." — Birmingham Post. 

" It will be found to be of direct service to the majority of dyers, calico printers and colour 
mixers, to whom we confidently recommend it." — Chemical Trade Journal. 

" It is thoroughly practical, and gives in simple language the why and wherefore of the many 
colour phenomena which perplex the dyer and the colounst." — Dyer and Calico Printer. 

TEXTILE RAW MATERIALS AND THEIR CON- 
VERSION INTO YARNS. (The Study of the Raw 
Materials and the Technology of the Spinning Process.) Text-book for 
Textile, Trade and Higher Technical Schools. By Julius Zipser. 
Translated from German by Charles Salter. 302 Illustrations. 
480 pp. Demy 8vo. 1901. Price 10s. 6d. ; India and Colonies, lis. r 
Other Countries, 12s. ; strictly net. 

Contents. 

Introduction. 

PART I.— The Raw Materials Used in the Textile Industry. 

GROUP I. Mineral Raw Materials. Asbestos— Glass— Metals. 

GROUP II. Vegetable Raw Materials. Seed Fibres — Cotton— Bombax Wool— 
Asclepias Wool — Poplar, Cotton Grass and Bulrush Wool — Stem Fibres — Flax— Hemp — Jute- 
— Nettle Fibres — Sunn Hemp — Leaf Fibres — New Zealand Hemp — Manila Hemp — Sisal and 
Domingo Hemp — Aloe Fibre — Pineapple Fibre — Vegetable Wool — Fruit Fibres — Cocoanut 
Fibre — Other Vegetable Raw Materials employed in Weaving — Straw — Wood — Cane — 
Caoutchouc. 

GROUP III. Animal Raw Materials. Animal Wool and Hair— Sheep's Wool— Goat 
Wool — Camel Wool — Llama and similar Wools — Cow Hair — Poodle Hair — Hare, Rabbit, Cak- 
and Beaver Fur — Horse Hair — Bristles — Silk — Natural Silk — Artificial Silk — Byssus Silk — 
Detection and Estimation of Textile Raw Materials in Yarns and Fabrics — Characteristics of 
Mineral Raw Materials — Detecting and Methods of separating Vegetable and Animal Raw 
Materials in general— The Combustion Test— The Mandarin Test — The Picric Acid Test— The- 
Sulphuric Acid Test — The Alkali Test — Differentiation of Animal and Vegetable Fibres in« 
detail — Characteristics of Cotton — Characteristics of Flax — Characteristics of Sheep's Wool — 
Characteristics of True Silk — Characteristics of Artificial Silk — Determining the Constituents of 
Textile Fabrics — The Detection of Cotton in Linen Fabrics — The Detection of Cotton in 
Woollen Fabrics— The Detection of Cotton in Silk Fabrics— The Detection of Wool in Silk 
Fabrics— The Detection of Wild Silk in True Silk Fabrics— The Detection of Artificial Silk 'w> 
Silk Fabrics— The Detection of Byssus Silk in Silk Fabrics. 

PART II.— The Technology of Spinning: or the Conversion of Textile Raw 
Materials into Yarn. 

Spinning — Sequence of Operations in Spinning — General Observations on the Machinery 
and Process of Spinning — Fine Spinning Machines — Requisite Properties for a Well-spun. 
Thread. 

GENERAL REVIEW OF THE VARIOUS BRANCHES OF 
THE SPINNING PROCESS. 

GROUP I. Spinning Vegetable Raw Materials. Cotton Spinning— Preparatory 
Processes — Mixing — Opening and Cleaning — Carding — Combing — Drawing and Doubling — 
Roving— Roving Frames producing a Permanent Twist — Machines producing Temporary Twist: 
— Fine Spinning— The Throstle or Water Frame— The Mule Frame — Supplementary Treatment ; 
Finishing — Finishing Processes producing no change in the Character of the Yarn — Converting: 
Yarns into New Forms — Additional Finishing Processes — Packing — Installation of a Cotton* 
Mill — Humidifiers — Spinning Waste Cotton and Waste Cotton Yarns — Preliminary Operations. 
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—Carding — Slubbing — Fine Spinning — Supplementary and Finishing Operations — Flax Spin-- 
ning — Preparatory Treatment — Gillinfi — Doubling and Drawing — Roving — The Roving Frame- 
— Fine Spinning — Supplementary Treatment — Operations leaving the Yarn unchanged — Opera- 
tions for producing New Combinations of Threads — Packing — Tow Spinning — Preparatory - 
Treatment — Roving — Fine Spinning — Hemp Spinning — Spinning Hackled or Line Hemp — 
Spinning Hemp Tow String — Jute Spinning — Spinning Jute Line Yarn — Spinning Jute Tow 
Yarns — Supplementary Treatment — The Production of Mixed Yarns — Utilising Jute Waste. 
PART 111.— Spinning: Animal Raw Materials. 
Spinning Carded Woollen Yarn — Preparatory Treatment — Scouring, Washing and Rinsings 
— Draining and Drying the Wool— Burr Extraction— Opening and Willowjng— Oiling the Wool . 
— Carding — Condensing — Belt Condensers — Steel Band Condenser — Fine Spinning — The Mule- 
— The Throstle Frame — Supplementary Treatment — Supplementary Treatment leaving the- 
Yarn unaltered — Treatment with a view to producing Novel Effects — Finishing Yarn — Packing . 
Yarn — Worsted Spinning — Manufacture of True Worsted Yarn — Preliminary Treatment — 
Sorting — Steeping, Washing and Rinsing — Drying — Oiling — Carding — Gilling — Combing — 
Drawing — Smoothing — Drawing and Slubbing — Roving — Fine Spinning — The Worsted Mule- 
Frame — Worsted Throstle Frames — Supplementary Treatment — Processes leaving the Yarn 
unchanged — Producing New Types of Yarn — Finishing Worsted Yarn — Packing — Semi-- 
Worsted Yarns — Artificial Wool or Shoddy Spinning — Shoddy and Mungo Manufecture — 
Cleaning the Rags — Sorting the Rags — Trimming the Rags — Scouring — Disintegration — 
Extract Wool — Shaking — Scouring — Carbonising — Disintegration — Spinning Shoddy and' 
other Wool Substitutes — Spinning Waste Silk — Chappe Silk — Preliminary Treatment — Sortings 
■ — Steeping — Maceration — Scouring and Beetling — Drying — Sprinkling — Beating — Opening — 
Dressing — Spreading — Doubling and Drawing — Slubbing and Rbving — Fine Spinning — Supple- - 
mentary Operations — Operations leaving the Yarn unaltered — Producing New Forms of Yarn 
— Finishing off Chappe Silk — Packing — Bourette Spinning, — Index, 

DYERS* MATERIALS: An Introduction to the Examination,. 
Evaluation and Application of the most important Substances used in 
Dyeing, Printing, Bleaching and Finishing. By Paul Heerman, Ph.D.. 
Translated from the German by Arthur C. Wright, M.A. (Oxon.), 
B.Sc. (Lond.). With Two Plates, containing Twenty-four Illustrations. 
Crown 8vo. 150 pp. 1901. Price 5s. ; India and Colonies, 5s. 6d. ; 
Other Countries, 6s. ; strictly net. 

Contents. 

Chapter I., Genera! : Table I., Indicators — Standard Solutions. — Table U., Solutions and 
Reagents in General Use. — Chapter 11., Primary Materials : Water — Textile Fibres. Chapter- 
Ill., Inorganic Materials: Hydrochloric Acid — Chlorides of Sodium, Magnesium, Ammonium, , 
Barium, Zinc, Copper, Manganese and Aluminium, Stannous Chloride, Stannic Chloride, 
Tin Spirits, Chromium Chloride — Fluorides and BifiuorideSt Alkaline Bifluorides, Chromium 
Fluoride, Chromium Oxyfluoride, Copper Fluoride, Antimony Fluoride, Aniline Hydrofluoride,- 
Antimony Fluoride, Double Salts — Sulphuric Acid, Fuming or Nordhausen Sulphuric Acid — 
Sulphates, Sodium Sulphate, Sodium Bisulphate, Calcium Sulphate, Magnesium Sulphate,.. 
Lead Sulphate, Ferrous Sulphate, Aluminium Sulphate, Ferric Sulphate, Copper Sulphate, 
Alums — Nitric Acid and Nitrates: Nitric Acid, Sodium, Silver, Lead, Ferrous, Ferric and 
Rarer Nitrates — Chlorine-Oxygen Compounds : Bleaching Powder, Alkaline Hypochlorites, . 
other Hypochlorites, Potassium, Sodium, Aluminium, Chromium and Aniline Chlorates — 
Sulphite Compounds : Sulphurous Acid, Sulphites, Sodium Bisulphite, Hydro- or Hypo- 
sulphurous Acid, Hydro- or Hyposulphites, Sodium Thiosulphate — Miscellaneous Compounds : 
Sodium Nitrite, Sodium Phosphate, Water-glass, Sodium Arsenate, Sodium Tungstate, - 
Sodium Stannate, Sodium Aluminate, Borax, Potassium Permanganate, Potassium Bichro- 
mate, Sodium Bichromate, Vanadates — Alkalies: Ammonia, Ammonium Salts, Caustic Soda, 
Caustic Potash, Sodium Carbonate, Calcium Carbonate — Peroxides : Hydrogen Peroxide,.. 
Barium Peroxide, Sodium Peroxide — Zinc Dust. — Chapter IV., Organic Compounds : Fatty 
Acids and Their Salts — Acetic Acid, Acetates, Ferrous Acetate, Oxalic Acid and Oxalates, 
Tartaric Acid, Tartar, Tartar Emetic, Citric Acid, Lactic Acid— Cyemogen Compounds : Sulpho- 
cyanides, Potassium Ferrocyanide, Potassium Ferricyanide — Derivatives of the Fats : Soap, 
"Boiled-ofF Liquor," Turkey Red Oil — Tannins — Aniline and Analine Salts — Thickening and' 
Stiffening Materials : Starch, Prepared and Soluble Starch, Dextrine, Gum Arabic, Gum 
Senegal, Gum Tragacanth, Glue, Size— D>'e5. — Appendix ; Atomic Weights of the Elements- 
Molecular Weights of Certain Compounds — Gravimetric Equivalents — Volumetric Equi- 
valents. — Plate I., Microscopic Appearance of the Textile Fibres (11 Illustrations). — Plate II., 
Microscopic Appearance of the Different Varieties of Starch (13 Illustrations). — Index. 

Press Opinions. 

"To those engaged in any branches of dyeing, printing, bleaching and finishing it ought to- 
prove a valuable addition to existing works." — Textile Industries. 

*' Cannot fail to be of the greatest value." — Huddevsfield Examiner. 

THE COLOUR PRINTING OF CARPET YARNS. A 

Useful Manual for Colour Chemists and Textile Printers. By David 
Paterson, F.C.S. Seventeen Illustrations. 132 pp. DemySvo. 1900. 
Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly 
net. 
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Contents. 

Chapters I., Structure and Constitution of Wool Fibre. — II., Yarn Scouring. — IH., Scouring 
Materials. — IV., Water for Scouring. — V., Bleaching Carpet Yarns. — VI., Colour Making for 
"Tarn Printing. — VII., Colour Printing Pastes. — VHI., Colour Recipes for Yarn Printing. — 
ax., Science of Colour Mixing.— X., Matching of Colours.— XI., "Hank" Printing.— XII., 
Printing Tapestry Carpet Yarns.— XIII., Yarn Printing.- XIV., Steaming Printed Yarns.— 
XV., Washing of Steamed Yarns.— XVI., Aniline Colours Suitable for Yarn Printing.- XVII., 
'■Glossary of Dyes and Dye-wares used in Wood Yarn Printing. — Appendix. 

Press Opinions. 

"The book is worthy the attention of the trade." — Worcester Herald. 

" The treatise is arranged with great care, and follows the processes described in a manner 
at once clear and convincmg." — Glasgow Record. 

"A most useful manual dealing in an intelligible and interesting manner with the colour 
printing of carpet yarns." — Kidderminster Times. 

" The author has evidently strained every eP'ort in order to make his work the standard guide 
-of its class." — Leicester Post. 

" The book, which is admirably printed and illustrated, should fulBl the need of a practical 
..guide in the colour printing of carpet yarns. — Nottingham Express. 

"The subject is very exhaustively treated in all its branches. . . ." — Northern Whig. 

" It gives an account of its subject which is both valuable and instructive." — Scotsman. 

"The work shows a thoroujgh grasp of the leading characteristicsias well as the minutee of 
the industry* and gives a lucid description of its chief departments. . . . As a text-book in 
technical schools where this branch of industrial education is taught, the book is valuable." — 
Dundee Courier. 

"The book bears every mark of an extensive practical knowledge of the subject in all its 
bearings, and supplies a real want in technical literature." — Dyer and Calico Printer. 

" It is thoroughly practical, and contains much information which has not hitherto appeared 
■ in book form."— Journal of the Society of Dyers and Colourists. 

A PRACTICAL TREATISE ON THE BLEACHING OF 
LINEN AND COTTON YARN AND FABRICS. By 

L. Tailfer, Chemical and Mechanical Engineer. Translated from the 
French by John Geddes McIntosh, Lecturer on Chemical Technology, 
London. Demy 8vo. 303 pp. Twenty lUusts. 1901. Price 12s. 6d. ; 
India and Colonies, 13s. 6d. ; Other Countries, 15s. ; strictly net. 

Contents. 

Chapter I. General Considerations on Bleaching. Chapter II. Steeping. Chapter III. 

' Washing : Its End and Importance— Roller Washing Machines— Wash Wheer(Dash Wheel)— 

':Stocks or Wash Mill — Squeezing. Chapter IV. Lye Boiling— Lye Boiling with Milk of Lime 
— Lye Boiling with Soda Lyes — Description of Lye Boiling Keirs — Operations of Lye Boiling 
— Concentration of Lyes. Chapter V. Mather and Piatt's Keir — Description of the Keir — 

Saturation of the Fabrics — Alkali used in Lye Boiling — Examples of Processes. Chapter VI. 

'Soap — Action of Soap in Bleaching — Quality and Quantity of Soaps to use in the Lye — Soap 
Lyes or Scalds — Soap Scouring Stocks. Chapter VIL Bleaching on Grass or on the Bleach- 

-ing Green or Lawn. Chapter VIII. Chemicking — Remarks on Chlorides and their De- 

-colourising Action — Chemicking Cisterns — Chemicking — Strengths, etc. Chapter IX. Sours 
— Properties of the Acids— Effects Produced by Acids — Souring Cisterns. Chapter X. 
Drying — Drying by Steam — Drying by Hot Air — Drying by Air. Chapter XI. Damages to 
Fabrics in Bleachmg — Yarn Mildew — Fermentation — Iron Rust Spots — Spots from Contact 
with Wood — Spots incurred on the Bleaching Green — Damages arising from the Machines. 

"Chapter XII. Examples of Methods used in Bleaching— Linen— Cotton. Chapter XIII. The 
Valuation of Caustic and Carbonated Alkali (Soda) and General Information Regarding these 
Bodies — Object of Alkalimetry — Titration of Carbonate of Soda — Comparative Table of 
Different Degrees of Alkalimetrical Strength — Five Problems relative to Carbonate of Soda 
— Caustic Soda, its Properties and Uses — Mixtures of Carbonated and Caustic Alkali — Note 

-on a Process of Manufacturing Caustic Soda and Mixtures of Caustic and Carbonated Alkali 

'Soda). Chapter XIV. Chlorometry — Titration — Wagner's Chlorometric Method — Prepara- 
tion of Standard Solutions — ^Apparatus for Chlorine Valuation — Alkali in Excess in De- 
colourising Chlorides. Chapter XV. Chlorine and Decolourising Chlorides — Synopsis — 

-Chlorine — ^Chloride of Lime — Hypochlorite of Soda — Brochoki's Chlorozone — Various De- 
colourising Hypochlorites — Comparison of Chloride of Lime and Hypochlorite of Soda 

^Chapter XVI. . Water — Qualities of Water — Hardness — Dervaux's Purifier — ^Testing the 
Purified Water— Different Plant for Purification— Filters. Chapter XVH. Bleaching of 
Yarn — Weight of Yarn— Lye Boiling— Chemicking— Washing— Bleaching of Cotton Yarn. 

'Chapter XVIII. The Installation of a Bleach Works— Water Supply— Steanr Boilers— Steam 
Distribution Pipes — Engines — Keirs — Washing Machines — Stocks — Wash Wheels — Chemick- 
ing and Souring Cisterns— Various— Buildings. Chapter XIX. Addenda— Energy of De- 

- colourising Chlorides and Bleaching by Electricity and Ozone — Energy of Decolourising 
Chlorides — Chlorides — Production or Chlorine and Hypochlorites by Electrolysis — Lunge's 
Process for increasing the intensity of the Bleaching Power of Chloride of Lime — Trilfer's 
Process for Removing the Excess of Lime or Soda from Decolourising Chlorides — Bleaching 

'Jby Ozone. 
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THE SCIENCE OP COLOUR MIXING. A Manual in- 
tended for the use of Dyers, Calico Printers and Colour Chemists. By 
David Paterson, F.C.S. Forty-one Illustrations, Five Coloured Plates^ 
and Four Plates showing^ Eleven Dyed Specimens of Fabrics. 132: 
pp. Demy 8vo. 1900. Price 7s. 6d. ; India and Colonies, 8s. ; Other- 
Countries, 8s. 6d. ; strictly net. 

Contents. 

Chapters I., Colour a Sensation; Colours of Illuminated Bodies; Colours of Opaque and 
Transparent Bodies; Surface Colour.— 11., Analysis of Light; Spectrum; Homogeneous. 
Colours; Ready Method of Obtaining a Spectrum.— HI., Examination of Solar Spectrum; 
The Spectroscope and Its Construction ; Colourists' Use of the Spectroscope.— IV.. Colour by 
Absorption ; Solutions and Dyed Fabrics; Dichroic Coloured Fabrics in Gaslight.— V., Colour- 
Primaries of the Scientist versus the Dyer and Artist ; Colour Mixing by Rotation and Lye 
Dyeing; Hue, Purity, Brightness; Tints; Shades, Scales, Tones, Sad and Sombre Colours.— 
VI., Colour Mixing; Pure and Impure Greens, Orange and Violets; Large Variety of Shades, 
from few Colours; Consideration of the Practical Primaries: Red, Yellow and Blue.— VII.,, 
Secondary Colours ; Nomenclature of Violet and Purple Group; Tints and Shades of Violet; 
Changes m Artificial Light.— VIII., Tertiary Shades; Broken Hues; Absorption Spectra of 
Tertiary Shades. — Appendix : Four Plates with Dyed Specimens Illustrating Text.— Index. 

Press Opinions. 

"The work has evidently been prepared with great care." — Halifax Courier. 

"The volume, which is clearly and popularly written, should prove of the utmost service to 
all who are concerned with the practical use of colours, whether as dyers or painters." — 
Scots^nan. 

" We have no hesitation in advising the purchase of the present volume by dyers and calico^ 
printers, as containing a mass of most useful information at a nominal price." — Irish Textile 
Journal. 

"Mr. Paterson's work . . , will be found exceedingly helpful, not only to the practical 
colourist, but also to students in our textile colleges, by forming a useful complement to- 
their class lectures." — Wakefield Express. 

"... The author is a dyer, and in his concluding chapters keeps well before him the 
special wants and requirements of dyers. He writes pleasantly and lucidly, and there is no.* 
difficulty in following him, although hpre and there a lapse into ambiguousness occurs.'* — 
Textile Mercury. 

COLOUR MATCHING ON TEXTILES. A Manual in- 
tended for the use of Students of Colour Chemistry, Dyeing and 
Textile Printing. By David Paterson, F.C.S. Coloured Frontis- 
piece. Twenty-nine Illustrations and Fourteen Specimens of Dyed 
Fabrics Illustrating Text. Demy 8vo. 132 pp. 1901. Price 7s. 6d. ;.. 
India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents- 
Chapters I., Colour Vision and Structure of the Eye — Perception of Colour — Primary 
and Complementary Colour Sensations. — II., Daylight for Colour Matching — Selection of a 
Good Pure Light— Di^sed Daylight, Direct Sunlight, Blue Skylight, Variability of Daylight^ 
etc., etc. — III., Matching of Hues — Purity and Luminosity of Colours — Matching Bright Hues 
— ^Aid of Tinted Films — Matching Difficulties Arising from Contrast. — IV., Examination of" 
Colours by Reflected and Transmitted Lights — Effect of Lustre and Transparency of Fibres, 
in Colour Matching. — V., Matching of Colours on Velvet Pile — Optical Properties of Dye- 
stuffs, Dichroism, Fluorescence. — VI., U^e of Tinted Mediums — Orange Film — Defects of the 
Eye — Yellowing of the Lens — Colour Blindness, etc. — VII., Matching of Dyed Silk Trimmings- 
and Linings, and Bindings — Its Difficulties — Behaviour of Shades in Artificial Light — Colour 
Matching of Old Fabrics, etc. — VIII., Examination of Dyed Colours under the Artificial Lights- 
— Electric Arc, Magnesium and Dufton, Gardner Lights, Welsbach, Acetylene, etc, — Testing, 
Qualities of an Illuminant. — IX., Influence of the Absorption Spectrum in Changes of Hue 
under the Artificial Lights — Study of the Causes of Abnormal Modifications of Hue, etc. 

Press Opinions. 

" It should form a part of the library of every dyer and colourist in the United Kingdom 
and indeed of every English-speaking country." — Dyer and Calico Printer. 

"We recommend it to every one who has anything to do with colour matching, even tO" 
merchants dealing in colouring goods." — Indian Textile Journal. 

Reissue of 
THE ART OF DYEING WOOL, SILK AND COTTON.. 

Translated from the French of M. Hellot, M. Macquer and M. le. 
PiLEUR D'Apligny, First Pubhshed in English in 1789. Six Plates. 
Demy 8vo. 446 pp. 1901. Price 5s. ; India and Colonies, 5s. 6d. •^_. 
Other Countries, 6s. ; strictly net. 
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Contents. 

Part I., The Art of Dyeinsr Wool and Woollen Cloth, Stuffs, Yarn, Worsted, etc. 
Part II., The Art of Dyeing Silk. 

Part III., The Art of Dyeing Cotton and Linen Thread, together with the Method 
■ot Stamping Silks, Cottons, etc. 

Press Opinions. 

" The book has been produced in excellent style and should be of great assistance to dyers." 
— Drapers' Record. 

"Its reissue cannot fail to be of deep interest to all engaged in textile manufacture." — 
Macclesfield Courier. 

THE DYEING OF COTTON FABRICS: A Practical 

Handbook for the Dyer and Student. By Franklin Beech, Practical 
Colourist and Chemist. 272 pp. Forty-four Illustrations of Bleaching 
and Dyeing Machinery. Demy 8vo. 1901. Price 7s. 6d. ; India 
and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Chapters I., Structure and Chemistry of the Cotton Fibre. — II., Scouring and Bleaching of 
■ Cotton. — III., Dyeing Machinery and Dyeing Manipulations. — IV., Principals and Practice of 
Cotton Dyeing — 1, Direct Dyeing; 2, Direct Dyeing followed by Fixation with Metallic Salts: 
3, Direct Dyeing followed by Fixation with Developers ; 4, Direct Dyeing followed by Fixation 
with Couplers; 5, Dyeing on Tannic Mordant; 6, Dyeing on Metallic Mordant; 7, Production 
of Colour Direct upon Cotton Fibres; 8, Dyeing Cotton by Impregnation with Dye-stuff Solu- 
-tion.— v.. Dyeing Union (Mixed Cotton and Wool) Fabrics. — VI., Dyeing Half Silk (Cotton- 
Silk, Satin) Fabrics. — VII., Operations following Dyeing — Washing, Soaping, Drying. — VIII., 
Testing of the Colour of Dyed Fabrics. — IX., Experimental Dyeing and Comparative Dye 
Testing. — Index. 

The book contains numerous recipes for the production on Cotton Fabrics of all kinds of a 
great range of colours, thus making it of great service in the Dyehouse, while to the Student it 
is of value in that the scientific principles which underlie the operations of dyeing are clearly 
iaid down. 

THE DYEING OF WOOLLEN FABRICS. By Franklin 
Beech, Practical Colourist and Chemist. Thirty-three Illustrations. 
Demy Svo. 228 pp. 1902. Price 7s. 6d. ; India and Colonies, 8s. ; 
Other Countries, 8s. 6d. net. 

Contents. 

Chapters I., The Wool Fibre — Structure, Composition and Properties. — 11., Processes Pre- 
,paratory to Dyeing — Scouring and Bleaching of Wool. — III., Dyeing Machinery and Dyeing 
Manipulations — Loose Wool Dyeing, Yarn Dyeing and Piece Dyeing Machinery. — IV., The 
Principles and Practice of Wool Dyeing — Properties of Wool Dyeing — Methods of Wool 
Dyeing — Groups of Dyes — Dyeing with the Direct Dyes — Dyeing with Basic Dyes — Dyeing 
with Acid Dyes — Dyeing with Mordant Dyes — Level Dyeing — Blacks on Wool — Reds on Wool 
— Mordanting of Wool — Orange Shades on Wool — Yellow Shades on Wool — Green Shades on 
Wool — Blue Shades on Wool — Violet Shades on Wool — Brown Shades on Wool — Mode 
Colours on Wool — V., Dyeing Union (Mixed Cotton Wool) Fabrics. — VI., Dyeing of Gloria. 
— VII., Operations following Dyeing — Washing, Soaping, Drying. — VIII., Experimental Dyeing 
and Comparative Dye Testing. — IX., Testing of the Colour of Dyed Fabrics. — Index, j 

COTTON SPINNING (First Year). By Thomas Thornley, 
Spinning Master, Bolton Technical School. 160 pp. Eighty-four Illus- 
trations. Crown 8vo. 1901. Price 3s.; Abroad, 3s. 6d. ; strictly net. 

Contents. 

Syllabus and Examination Papers of the City and Guilds of London Institute. — Chapters 
L, Cultivation, Classification, Ginning, Baling and Mixing of the Raw Cotton. — II., Bale- 
.Breakers, Mixing Lattices and Hopper Feeders. — III., Opening and Scutching. — IV., Carding. 
— Index to Illustrations. — General Index. 

COTTON SPINNING (Intermediate, or Second Year). By 
Thomas Thornley. 180 pp. Seventy Illustrations. Crown Svo. 1901. 
Price 5s. ; India and British Colonies, 5s. 6d. ; Other Countries, 6s. ; 
strictly net. 

Contents. 

Syllabuses and Examination Papers of the City and Guilds of London Institute. — Chapters 
I., The Combing Process.— II., The Drawing Frame.— III., Bobbin and Fly Frames.— IV., Mule 
Spinning. — ^V., Ring Spinning. — Index to Illustrations. — General Index. 
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COTTON SPINNING (Honours, or Third Year). By Thomas- 
Thornley. 216 pp. Seventy-four Illustrations. Crown 8vo. 1901. 
Price 5s. ; India and British Colonies, 5s. 6d. ; Other Countries, 6s. ;. 
strictly net. 

Contents. 

Syllabuses and Examination Papers of the City and Guilds of London Institute. — Chapters- 
I., Cotton. — II., The Practical Manipulation of Cotton Spinning Machinery. — III., Doubling, 
and Winding.— IV., Reeling. — V., Warping. — VI., Production and Costs. — VII., Main Driving- 
— VIII., Arrangement of Machinery and Mill Planning. — IX., Waste and Waste Spinning. — 
Index to Illustrations.— Genera) Index. 

Opinions of Spinning Teachers. 

"The work (Vol. I.) contains a large amount of valuable information."— Mr. Jas. Tasher^- 
Preston. 

""They are certainly the best published on the subject." — Mr. John Kerfoot, Leigh. 

"Admirably fulfils the object in view, viz., a concise guide to the students preparing for the 
City and Guilds Examination Course." — Mr. Jas. W. Lomax, Bolton. 

" I have carefully read the book, and do not hesitate in saying that I consider it will un- 
doubtedly be a boon to cotton spinning students for three, among other, reasons; (1) The 
store of information on different makers' machines ; (2) it shows the student how he should 
consider the questions proposed at the examinations ; and (3) the methods he should adopt in 
answering same." — Samuel Ward, Teacher in Cotton Spinning, Glossop and Openshaw. 

COTTON COMBING MACHINES. By Thos. Thornley, 
Spinning Master, Technical School, Bolton. Demy 8vo. 117 Illustra- 
tions. 300 pp. 1902. Price 7s. 6d. ; India and Colonies, 8s. ; Other 
Countries, 8s. 6d. net. 

Contents- 
Chapters I., The Sliver Lap Machine and the Ribbon Cap Machine. — II., General Description'. 

of the Heilmann Comber.— HI., The Cam Shaft.— IV., On the Detaching and Attaching. 

Mechanism of the Comber. — V., Resetting of Combers. — VI., The Erection of a Heilmann. 

Comber. — VII., Stop Motions : Various Calculations — VIII., Various Notes and Discussions. — 

IX., Cotton Combing Machines of Continental Make. — Index. 

Books for Mining Engineers 
and Steam Users. 

RECOVERY WORK AFTER PIT FIRES. A Description, 
of the Principal Methods Pursued, especially in Fiery Mines, and of" 
the Various Appliances Employed, such as Respiratory and Rescue 
Apparatus, Dams, etc. By Robert Lamprecht, Mining Engineer and- 
Manager. Translated from the German. Illustrated by Six large 
Plates, containing Seventy-six Illustrations. 175 pp., demy 8vo. 1901. 
Price 10s. 6d. ; India and Colonies, lis. ; Other Countries, 12s. ;. 
strictly net. 

Contents. 

Preface. — I., Causes of Pit Fires: 1, Fires Resulting from the Spontaneous Ignition of 
Coal; 2, Fires Caused by Burning Timber; 3, Fires Caused by Fire-damp Explosions. — H., 
Preventive Regulations : 1, The Outbreak and Rapid Extension of a Shaft Fire can be- 
most reliat)ly prevented by Employing little or no Combustible Material in the Construction of 
the Shaft ; 2, Precautions for Rapidly Localising an Outbreak of Fire in the Shaft ; 3, Pre- 
cautions to be Adopted in case those under 1 and 2 Fail or Prove Inefficient Precautions 
against Spontaneous Ignition of Coal. Precautions for Preventing Explosions of Fire-damp 
and Coal Dust. Employment of Electricity in Mining, particularly in Fiery Pits. Experiments 
on the Ignition of Fire-damp Mixtures and Clouds or Coal Dust by Electricity. — lU., Indica° 
tions of an Existing; or Incipient Fire.— IV., Appliances for Working; in Irrespirable- 
Oases : 1, Respiratory Apparatus ; 2, Apparatus with Air Supply Pipes, (a) The Bremen Smoke 
Helmet, (6) The Miiller Smoke Helmet, (c) The Stolz Rescue Mask; 3, Reservoir Apparatus; 
4, Oxygen Apparatus. The Schwann Respiratory Apparatus. The Fleuss Respiratory Ap- 
paratus. The Improved Walcher-Gartner Pneumatophor, (a) The Single Bottle Apparatus, 
Instructions for Using the Pneumatophor, Taking to Pieces and Resetting the Apparatus- 
ready for Use; (6) Two Bottle Apparatus (Shamrock Type). The Neupert Rescue Apparatus- 
(The Mayer-Pilar System).— V. Eirtinguishing Pit Fires : (a) Chemical Means; (b) Extinction. 
with Water. Dragging down the Burning Masses and Packing with Clay ; (c) Insulating the 
Seat of the Fire by Dams. Dam Building, Dam Work in the Fiery Pits of Southern Hungary : 
(fl) Cross-dams of Clay; (6) Masonry Dams, Gallery Linings. Wagner's Portable Safety Dam.. 
Analyses of Fire Gases. Isolating the Seat of a Fire with Dams: Working in Irrespirable 
Gases ("Gas-diving "): 1, Air-Lock Work (Horizontal Advance) on the Mayer System as Pur- 
sued at Karwin in 1894 ; 2, Air-Lock Work (Horizontal Advance) by the Mauerhofer Modified' 
System. Vertical Advance. Mayer System. Complete Isolation of the Pit. Flooding a. 
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fiJurning Section isolated by means of Dams. Wooden Dams: (a) Upright Balk Dams; (6) 
Horizontal Balk Dams ; (c) Wedge Dams, Masonry Dams. Examples of Cylindrical and Dome- 
^^shaped Dams. Dam Doors: Flooding the Whole Pit. — VI., Rescue Stations: (a) Stations 
;above Ground; (6) Underground Rescue Stations.— VII., Spontaneous Ignition of Coal in 
Bulk. — Index. 

Illustrations. 

Sheet I., Respiratory and Rescue Appliances—Precautions ag-ainst Fire. Sheet 
II., Respiratory and Rescue Apparatus. Sheet III., Respiratory and Rescue Ap> 
■paratus— Stretchers. Sheet IV., Dams. Sheet V., Signaliingf Appliances— Dam 
-Construction— Cable Laying. Sheet VI., Working with Diving Gear in Irrespirable 
Gases— Gallery Work. Sheet VII., Working with Diving Gear in Irrespirable Gases 
' IMayer System)— Appliances in the Shaft. 

Press Opinions. 

" A work of this extremely valuable character deserves to be made widely known amongst 
-colliery managers and mining engineers at home and abroad." — Coal and Iron. 

"This book is, in a manner, unique. The literature of mining accidents is fairly extensive, 
but it consists largely of departmental Blue Bboks." — Sheffield Daily Telegraph. 

"A concise and lucid description of the principal methods pursued, especially in fiery 
mines, and of the various appliances employed, such as respiratory and rescue apparatus, 
'jjams, etc."— Sta^s Advertiser. 

" The prevention of spontaneous combustion in collieries and the extinction of underground 
Hres are duties that fall heavily on many colliery managers. They should, therefore, welcome 
'this translation of Mr. Lamprecht's German treatise." — Ironmonger. 

'THE PREVENTION OF SMOKE. Combined with the 
Economical Combustion of Fuel. By W. C. Popplewell, M.Sc, 
A.M.Inst., C.E., Consulting Engineer. Forty-six Illustrations. 190 pp. 
1901. Demy 8vo. Price 7s. 6d. ; India and Colonies, 8s. ; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 

Introductory. — Chapters I., Fuel and Combustion. — II., Hand Firing in Boiler Furnaces. — 

'UI., Stoking by Mechanical Means. — IV., Powdered Fuel. — V., Gaseous Fuel. — VI., Efficiency 

::and Smoke Tests of Boilers.— VII., Some Standard Smoke Trials.— VIII., The Legal Aspect 

'of the Smoke Question. — IX., The Best Means to be adopted for the Prevention of Smoke. — 

Index. 

Press Opinions. 

"Everybody interested in smoke prevention will derive the greatest benefit from Mr. 
Popplewell's treatise, and will learn much that is new to them." — Public Health Engineer. 

"The Manchester expert who writes this book is thoroughly equipped for the task, and he 
has produced a work which ought to be in the hands of all Sanitary Inspectors and Health 
•Committees, and it would be a useful present from manufacturers to stokers, instead of pos- 
:sibly spending the value of the volume in payment of fines." — Sheffield Independent, 

GAS AND COAL DUST FIRING. A Critical Review of 

the Various Appliances Patented in Germany for this purpose since 
1885. By Albert Putsch. 130 pp. Demy 8vo.. 1901. Translated 
from the German. With 103 Illustrations. Price 7s. 6d. ; India and 
Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 
Contents. 

Generators — Generators Employing Steam — Stirring and Feed Regulating Appliances — 
ADirect Generators — Burners — Regenerators and Recuperators — Glass Smelting Furnaces — 
Metallurgical Furnaces — Pottery Furnace — Coal Dust Firmg. — Index. 

Press Opinions. 

*' The work is worthj^ of perusal by all consumers of fuel. It is exceedingly well printed 
and illustrated." — Chemical Trade Journal. 

" The book will appeal with force to the manufacturer as well as to the technical student, 
whilst It is also of far more than average interest to the general reader," — Halifax Guardian. 

"The importance that gas and coal dust firing have attained of recent years, and especially 
the great interest attaching of late to the question of coal dust firing, makes the appearance 
'Of the present volume most opportune." — Iron and Coal Trades Review. 

Books on Plumbing, Decorating, 
Metal Work, etc., etc. 

iEXTERNAL PLUMBING WORK. A Treatise on Lead 
Work for Roof?. By John W. Hart, R.P.C. 180 Illustrations. 270 
pp. Deray 8vo. Second Edition Revised. 1902. Price 7s. 6d. ; India 
and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 
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Contents. 

Chapters I., Cast Sheet Lead.— II., Milled Sheet Lead.— III., Roof Cesspools IV., Socket-. 

Pipes.— v., Drips.- VI., Gutters.— VII., Gutters (continued).— VIII., Breaks.— IX., Ciroular- 
Breaks.— X., Flats.— XI., Flats (continued).— XII., Rolls on Flats.— XIII., Roll Ends.- XIV.,. 
Roll Intersections.— XV., Seam Rolls.— XVI., Seam Rolls (continued).— XVII., Tack Fixings. 
—XVIII., Step Flashings.- XIX., Step Flashings (continued).— XX., Secret Gutters.— XXI.,.. 
Soakers.— XXII., Hip and Valley Soakers.— XXIII., Dormer Windows.— XXIV., Dormer 
Windows (continued).— XXV., Dormer Tops.— XXVI., Internal Dormers.— XXVII., Skylights. 
—XXVIII., Hips and Ridging.— XXIX., Hips and Ridging (continued).— XXX., Fixings for 
Hips and Ridging.— XXXI., Ornamental Ridging.— XXXII., Ornamental Curb Rolls.— XXXIII., . 
Curb Rolls.— XXXIV., Cornices.— XXXV., Towers and Finials.— XXXVI., Towers and Finials- 
(continued).— XXXVII.,Towers and Finials (continued).— XXXVIII., Domes.— XXXIX., Domes 
(continued).— XL., Ornamental Lead Work.— XLI., Rain Water Heads.— XLII., Rain Water 
Heads (continued). — XLIII., Rain Water Heads (continued). 

Press Opinions. 

" This is an eminently practical and well-illustrated volume on the management of external .' 
lead work." — Birmingham Daily Post. 

'* It is thoroughly practical, containing many valuable hints, and cannot fail to be of great 
benefit to those who have not had large experience." — Sanitary Journal. 

"Works on sanitary plumbing are by no means rare, but treatises dealing with external' 
plumbing work are sufficiently scarce to ensure for Mr. Hart's new publication a hearty recep- 
tion." — The Ironmonger. 

HINTS TO PLUMBERS ON JOINT WIPING, PIPE- 
BENDING AND LEAD BURNING. Third Edition, 
Revised and Corrected. By John W. Hart, R.P.C. 184 Illustrations. 
313 pp. Demy 8vo. 1901. Price 7s. 6d. ; India and Colonies, 8s. ;: 
Other Countries, 8s. 6d. ; strictly net. 
Contents. 

Introduction. — C apters I., Pipe Bending. — 11., Pipe Bending (continued). — III., Pipe 
Bending (continued). — IV., Square Pipe Bendings. — V., Half-circular Elbows. — VI., Curved 
Bends on Square Pipe. — VII., Bossed Bends. — VIII., Curved Plinth Bends. — IX., Rain-vi^ater- 
Shoes on Square Pipe. — X., Curved and Angle Bends. — XL, Square Pipe Fixings. — XII., Joint- 
wiping. — XIII., Substitutes for Wiped Joints. — XIV., Preparing Wiped Joints. — XV., Joint- 
Fixings.— XVI., Plumbing Irons.— XVII., Joint Fixings.— XVIII., Use of "Touch" in Solder- 
ing.— 54[IX., Underhand Joints. — XX., Blown and Copper Bit Joints. — XXI., Branch Joints. — 
XXII., Branch Joints (continued).— XXIII., Block Joints.— XXIV., Block Joints (continued).— 
XXV., Block Fixings.— XXVI., Astragal Joints— Pipe Fixings.— XXVII., Large Branch 
Joints.— XXVIII. , Large Underhand Joints.— XXIX., Solders.— XXX., Autogenous Soldering: 
or Lead Burning. — Index. 

Press Opinions. 

" Rich in useful diagrams as well as in hints." — Liverpool Mercury, 

"The papers are eminently practical, and go much farther into the mysteries they describe 
than the title ' Hints' properly suggests." — Scotsman. 

** The articles are apparently written by a thoroughly practical man. As a practical guide- 
the book will doubtless be of much service." — Glasgow Herald. 

** So far as the practical hints in this work are concerned, it will be useful to apprentices and 
students in technical schools, as it deals mainly with the most important or difficult branches - 
of the plumber's craft, otz., joint wiping, pipe bending and lead burning. . . . 'Hints' are the 
most useful things to an apprentice, and there are many in this work which are not to be found 
in some of the text-books."~English Mechanic. 

"22 Pryme Street, Hull, 24th November, 1894. 

"Gentlemen, — ^Your books to hand for which accept my best thanks, also for circulars. 1 
myself got one of J. W. Hart's books on Plumbing from your traveller, and having looked 
through the same I can safely recommend it as being the best book I have seen. Mr. J. W.- 
Hart treats exhaustively upon soldering and pipe bending, which are two of the most essential^ 
branches in the plumbing trade." 

THE PRINCIPLES AND PRACTICE OF DIPPING, 
BURNISHING, LACQUERING AND BRONZING 
BRASS WARE. By W. Norman Brown. 35 pp. Crown/ 

8vo. 1900. Price 2s. ; Abroad, 2s. 6d. ; strictly net. 
Contents. 

Chapters I., Cleansing and Dipping; Boiling up and Cleansing; Dipping. — II., Scratch- 
brushing and Burnishing; Polishing; burnishing. — III., Lacquering; Tools; Lacquers.- 
IV., Bronzing ; Black Bronzing ; Florentine Red Bronzing ; Green Bronzing. — Index. 

Press Opinions. 

" Mr. Brown is clearly a master of his craft, and has also the immense advantage of being 
able to convey his instructions in a manner at once clear and concise." — Leicester Post. 

"A thoroughly practical little treatise on the subject in all its branches, and one which 
should be in the hands of every tradesman or amateur who has lacquering to do." — Irish Builder, - 
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"WORKSHOP WRINKLES for Decorators, Painters, Paper- 
hangers and Others. By W. N. Brown. Crown 8vo. 128 pp. 1901. 
Price 2s. 6d. ; Abroad, 3s. ; strictly net. 
Contents. 

Parts I., Decorating.— n., Painting.— III., Paper-hanging.— IV., Miscellaneous. 
Arranged in alphabetical order. 

Press Opinion. , „ , 

" Decorators, painters and amateurs will find this a comprehensive work of reference on 
vtiearly every subject they are in need of.'" — Building News. 

HOUSE DECORATING AND PAINTING. By W. 

Norman Brown. Eighty-eight Illustrations. 150 pp. Crown 8vo. 

1900. Price 3s. 6d. ; India and Colonies, 4s. ; Other Countries, 4s. 6d. ; 
strictly net. Contents- 
Chapters I., Tools and Appliances. — II., Colours and Their Harmony.— III., Pigments and 

Media.— IV., Pigments and JHedia.— V., Pigments and Media.— VI., Pigments and Media.— 
VII., Preparation of Work, etc.— VIII., Application of Ordinary Colour.— IX., Graining. — 
X., Graining.— XI., Graining.— XII., Gilding.— XIII., Writing and Lettering.— XIV., Sign 
Painting. — XV., Internal Decoration. — Index. 

Press Opinion. 

"The author is evidently very thoroughly at home in regard to the technical subjects he has 
-set himself to elucidate, from the mechanical rather than the artistic point of view, although 
the matter of correctness of taste is by no means ignored. Mr. Brown's style is directness 
itself, and there is no tyro in the painting trade, however mentally ungifted, who could fail to 
-.carry away a clearer grasp of the details of the subject after gomg over the performance."— 
.Building Industries. 

A HISTORY OF DECORATIVE ART. By W. Norman 
Brown. Thirty-nine Illustrations. 96 pp. Crown 8vo. 1900. Price 
2s. 6d. ; Abroad, 3s. ; strictly net. 

Contents. 

Chapters I., Primitive and Prenistoric Art. — II., Egyptian Art. — III., Assyrian Art. — IV., 
'The Art of Asia Minor. — V., Etruscan Art. — VI., Greek Art. — VII., Roman Art. — VIII., 
.Byzantine Art.- IX., Lombard or Romanesque Art. — X., Gothic Art.— XL, Renaissance AVfc.^ 
XII., The Victorian Period. — Index. 

Press Opinion. 

"In the course of a hundred pages with some forty illustrations Mr. Brown gives a very 
mteresting and comprehensive survey of the progress and development of decorative art. It 
• cannot, of course, be pretended that in the limited space named the subject is treated ex- 
haustively and in full detail, but it is sufficiently complete to satisfy any ordinary reader ; 
indeed, for general purposes, it is, perhaps, more acceptable than a more elaborate treatise." — 
Midland Counties Herald. 

A HANDBOOK ON JAPANNING AND ENAMELLING 
FOR CYCLES, BEDSTEADS, TINWARE, ETC. By 

William Norman Brown. 52 pp. and Illustrations. Crown 8vo. 

1901. Price 2s. ; Abroad, 2s. 6d. ; net. 

Contents. 

A Few Words on Enamelling — Appliances and Apparatus — Japans or Enamels — To Test 
Enamel for Lead — Japanning or Enamelling Metals — Japanning Tin, such as Tea Trays, and 

-similar Goods — Enamelling Old Work — Enamel for Cast Iron — Enamel for Copper Cooking 
Utensils — The Enamelling Stove — Enamelling Bedsteads, Frames and similar large pieces — 
Paints and Varnishes for Metallic Surfaces — Varnishes for Ironwork — Blacking for Iron — 
Processes for Tin Plating— Galvanising — Metal Polishes— Colours for Polished Brass — A 

'Golden Varnish for Metal — Painting on Zinc — Carriage Varnish — Japanese Varnish and its 

-Application. — Index 

THE PRINCIPLES OF HOT WATER SUPPLY. By 

John W. Hart, R.P.C. With 129 Illustrations. 1900. 177 pp., demy 
8vo. Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; 
strictly net. 

Contents. 

Chapters I., Water Circulation.— II., Tlie Tank System.— III., Pipes and Joints.- IV., The 
Cylinder System.— V., Boilers for the Cylinder System.— VI., The Cylinder System.— VII., The 
-Combined Tanlt and Cylinder System. — VIII., Combined Independent and Kitchen Boiler. — 
IX., Combined Cylinder and Tank System with Duplicate Boilers. — X., Indirect Heating and 
Boiler Explosions.— XI., Pipe Boilers.— XII., Safety Valves.— XIII., Safety Valves.— XI V., The 
.American System.— XV., Heating Water by Steam.— XVI., Steam Kettles and Jets.— XVII., 
.Heating Power of Steam. — XVIII., Covering for Hot Water Pipes. — Index. 
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Brewing and Botanical. 

HOPS IN THEIR BOTANICAL. AGRICULTURAL 
AND TECHNICAL ASPECT, AND AS AN ARTICLE 
OF COMMERCE. By Emmanuel Gross, Professor at 
the Higher Agricultural College, Tetschen-Liebwerd. Translated 
from the German. Seventy-eight Illustrations. 1900. 340 pp. Demy 
8vo. Price 12s. 6d. ; India and Colonies, 13s. 6d.; Other Countries, 
15s,*; strictly net. 

Contents. 

PART 1., HISTORY OF THE HOP. 

PART H., THE HOP PLANT. Introductory.— The Roots.— The Stem and Leaves.— 

il nflorescence and Flower: Inflorescence and Flower of the Male Hop; Inflorescence and 
Flower of the Female Hop. — The Fruit and its Glandular Structure : The Fruit and Seed. — 
Propagation and Selection of the Hop. — Varieties of the Hop : (a) Red Hops ; (6) Green Hops ; 

-(c) Pale Green Hops. — Classification according to the Period of Ripening: 1. Early August 
Hops; 2. Medium Early Hops; 3. Late Hops. — Injuries to Growth : Malformations; Diseases 
Produced by Conditions of Soil and Climate; 1. Leaves Turning Yellow, 2. Summer or Sun- 

^rand, 3. Cones Dropping Off, 4. Honey Dew, 5. Damage from Wmd, Hail and Pain ; Vegetable 
Enemies of the Hop: Animal Enemies of the Hop. — Beneficial Insects on Hops. 

PART IIJ., CULTIVATION. The Requirements of the Hop in Respect of Climate, Soil 
and Situation ; Climate; Soil; Situation. — Selection of Variety and Cuttings. — Planting a Hop 
Garden: Drainage; Preparing the Ground; Marking-out for Planting; Plantmg; Cultivation 

.and Cropping of the Hop Garden in the First Year. — Work to be Performed Annually in the 
Hop Garden: Working the Ground; Cutting; The Non-cutting System; The Proper Per- 

'formance of the Operation of Cutting : I. Method of Cutting : Close Cutting, Ordinary Cutting, 
The Long Cut, The Topping Cut; II. Proper Season for Cutting: Autumn Cutting, Spring 
Cutting; Manuring; Training the Hop Plant: Poled Gardens, Frame Training; Principal 
Types of Frames: Pruning, Cropping, Topping, and Leaf Stripping the Hop Plant; Picking, 
Drying and Bagging. — Principal and Subsidiary Utilisation of Hops and Hop Gardens. — Lire 

•of a Hop Garden ; Subsequent Cropping. — Cost of Production, Yield and Selling Prices. 

PART IV. — Preservation and Storage. — Physical and Chemical Structure of the Hop Cone. 
— Judging the Value of Hops. 

PART v.— Statistics of Production.— The Hop Trade,— Index. 

Press Opinions. 

" The subject is dealt with fully in every little detail ; consequently, even the veriest tyro can 
take away some useful information from its pages." — Irish Farming World. 

" Like an oasis in the desert comes a volume upon the above subject." — Hereford Times. 
"This is, in our opinion, the most scholarly and exhaustive treatise on the subject of hops 
Tthat has been published." — Brewers' Journal. 
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^HE UTILISATION OF WOOD WASTE. Translated from 
the German of Ernst Hubbard. Crown 8vo. 192 pp. 1902. Fifty 
Illustrations. Price 5s. ; India and Colonies, 5s. 6d. ; Other Countries, 
6s. ; net. 

Contents. 

Chapters I., General Remarks on the Utilisation of Sawdust. — II., Employment of Saw- 
-dust as Fuel, with and without Simultaneous Recovery of Charcoal and the Products of 
Distillation. — III., Manufacture of Oxalic Acid from Sawdust— (1) Process with Soda Lye; 
*(2) Thorn's Process ; (3) Bohlig's Process. — IV., Manufacture of Spirit (Ethyl Alcohol) from 
Wood Waste— Patent Dyes (Organic Sulphides, Sulphur Dyes, or Mercapto Dyes).— V., 
Artificial Wood and Plastic Compositions from Sawdust — Production of Artificial Wood 
Compositions for Moulded Decorations. — VI., Employment of Sawdust for Blasting Powders 
-and Gunpowders. — VII., En^ployment of Sawdust for Briquettes — Employment of Sawdust 
m the Ceramic Industry and as an Addition to Mortar — Manufasture of Paper Pulp from 
Wood — Casks. — VIII., Various Applications of Sawdust and Wood Refuse — Calcium Carbide 
— Manure — Wood Mosaic Plaques — Bottle Stoppers — Parquetry — Fire-lighters — Carborun- 
■dum.- IX., The Production of Wood Wool— Bark.- Index 
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Foods and Sweetmeats. 

THE MANUFACTURE OF PRESERVED FOODS AND- 
SWEETMEATS: A Handbook of all the Processes for 
the Preservation of Flesh, Fruit and Vegetables, and for the Prepara- 
tion of Dried Fruit, Dried Vegetables, Marmalades, Fruit-Syrups and 
Fermented Beverages, and of all kinds of Candies, Candied Fruit, 
Sweetmeats, Rocks, Drops, Drag^es, Pralines, etc. By A. Hausner. 
With Twenty-eight Illustrations. Translated from the German of the 
third enlarged Edition. Crown 8vo. 225 pp. 1902. Price 7s. 6d. ; 
India and Colonies, 8s. ; Other Countries, 8s. 6d. ; net. 

Contents. 

Part I,., The Manufacture of Conserves. — Chapters I., Introduction. — II., The Causes of 
the Putrefaction of Food. — HI., The Chemical Composition of Foods. — IV., The Products of 
Decomposition. — V., The Causes of Fermentation and Putrefaction. — VI.. Preservative Bodies.. 
— VII., The Various Methods of Preserving Food. — VIII., The Preservation of Animal Food. — 
IX., Preserving Meat by Means of Ice. — X., The Preservation of Meat by Charcoal. — XI., 
Preservation of Meat by Drying. — XII., The Preservation of Meat by the Exclusion of Air. — 
XIII., The Appert Method.— XIV., Preserving Flesh by Smokmg.— XV., Quick Smoiiing.— XVI., , 
Preserving Meat with Salt.— XVII., Quick Salting by Air Pressure.— XVIII., Quick Salting by 
Liquid Pressure. — XIX., Gamgee's Method of Preserving Meat. — XX., The Preservation of 
Eggs.— XXI., Preservation of White and Yolk of Egg.— XXII., Milk Preservation.— XXIII.,. 
Condensed Milk.— XXIV., The Preservation of Fat.— XXV., Manufacture of Soup Tablets.— 
XXVI.— Meat Biscuits.— XXVII., Extract of Beef.— XXVIII., The Preservation of Vegetable 
Foods in General. — XXIX. — Compressing Vegetables. — XXX., Preservation of Vegetables by 
Appert's Method.— XXXI., The Preservation of Fruit.— XXXII., Preservation of Fruit by 
Storage.— XXXIII., The Preservation of Fruit by Drying.— XXXIV., Drying Fruit by ArtiHcial 
Heat.— XXXV., Roasting Fruit.— XXXVI., The Preservation of Fruit vi-ith Sugar.— XXXVU., 
Boiled Preserved Fruit. — XXXVIII., The Preservation of Fruit in Spirit, Acetic Acid or- 
Glycerine. — XXXIX., Preservation of Fruit without Boiling. — XL., Jam Manufacture. — XLI.,. 
The Manufacture of Fruit Jellies.— XLII., The Making of Gelatine Jellies.— XLIII., The 
Manufacture of " Sulzen." — XLIV., The Preservation of Fermented Beverages. 

Part II., The Manufacture of Candies.— Chapters XLV., Introduction.— XLVI.. The- 
Manufacture of Candied Fruit. — XLVII., The Manufacture of Boiled Sugar and Caramel. — 
XLVIII., The Candying of Fruit.— XHX., Caramelised Fruit.- L., The Manufacture of Sugar- 
Sticks, or Barley Sugar. — LI., Bonbon Making. — LII., Fruit Drops. — LIII., The Manufacture- 
of Drag^es. — LIV., The Machinery and Appliances used in Candy Manufacture. — LV., Dyeing 
Candies and Bonbons. — LVL, Essential Oils used in Candy Making. — LVII., Fruit Essences, — 
LVIII., The Manufacture of Filled Bonbons, Liqueur Bonbons and Stamped Lozenges. — LIX., 
Recipes for Jams and Jellies. — LX., Recipes for Bonbon Making. — LXI., Drag^es. — Appendix... 
— Index. I 

Timber Trades. 

TIMBER : A Comprehensive Study of Wood in all its Aspects- 
(Commercial and Botanical), showing the Different Applications and 
Uses of Timber in Various Trades, etc. Translated from the French* 
of Paul Charpentier, Expert Chemical Engineer, Assayer of the 
French Mint, etc., by Joseph Kennell. Royal 8vo. 437 pp. 178 
Illustrations. 1902. Price 12s. 6d. ; India and Colonies, 13s. 6d. ; 
Other Countries, 15s.; net. 

Contents. 

Preface.— Part I., Physical and Chemical Properties of Timber.— Chapters I., Com- 
position of the Vegetable Bodies — Chief Elements — M. Fremy's Researches. — II., Elementary 
Organs of Plants and especially of Forests. — III., Different Parts of Wood Anatomically and. 
Chemically Considered. — IV., General Properties of Wood. , 

Part II., Description of the Different Kinds of Wood.— Chapters V., Principal Essences 
with Caducous Leaves. — VI., Coniferous Resinous Trees. 

Part III., Division of the Useful Varieties of Timber in the Different Countries of. 
the Globe. — Chapters VII., European Timber. — VIII., African Timber. — IX.,. Asiatic Timber 
— X,, American Timber. — XI., Timber of Oceania. 

Part IV., Forests. — Chapters XII., General Notes as to Forests; their Influence.^-XIII.. 
Opinions as to Sylviculture — Improvement of Forests. — XIV., Unwooding and Rewoodmg — 
Preservation of Forests. — XV., Exploitation of Forests. — XVI., Damage caused to Forests — 
Different Alterations. 

Part v.. The Preservation of Timber.— Chapters XVII., Generalities— Causes and. 
Progress of Deterioration — History of Different Proposed Processes. — XVIII., Dessication — 
guperficial Carbonisation of Timber. — XIX., Processes by Immersion — Generalities as toi 
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^Antiseptics Employed. — XX., Injection Processes in Closed Vessels. — XXL, The Boucherie 
:System, Based upon the Displacement of the Sap.— XXII., Processes for Making Timber 
Uninflammable. 

Part VI., Applications of Timber.— Chapters XXIJI,, Generalities — Working Timber— 
.Paving — Timber for Mines — Railway Traverses. — XXIV., Accessory Products — Gums — Works 
of M. Fremy— Resins— Barks— Tan— Application of Cork,— XXV., The Application of Wood 
to Art and Dyeing.— XXVI., Different Applications of Wood— Hard Wood— Distillation of 
Wood — Pyroligneous Acid — Oil of Wood—Distillation of Resins. — Index. 
ISee also " Wood Waste Utilisation," p. 33.] 

Fancy Goods Manufacture. 

THE ART OP DYEING AND STAINING MARBLE, 
ARTIFICIAL STONE, BONE, HORN, IVORY AND 
WOOD, AND OF IMITATING ALL SORTS OF 
WOOD. A Practical Handbook for the Use of Joiners, 
Turners, Manufacturers of Fancy Goods, Stick and Umbrella Makers, 
Comb Makers, etc. Translated from the German of D. H. Soxhlet, 
Technical Chemist. Crown 8vo. 168 pp. 1902. Price 5s. ; India and 
Colonies, 5s. 6d. ; Other Countries, 6s. ; net. 

Contents. 

Preface. — Introduction. — Chapters I., Mordants and Stains: Acids, Alkalies, Iron Salts, 

^Copper Salts, Aluminium Salts, Chromium Salts, Tin Salts, Lead Salts, Manganese Salts, 

-Silver and Gold Salts. — 11., Natural Dyes : Redwood, Red Sandalwood, Madder, Orchil, Cudbear, 
Lac-Dye, Cochineal, Saffron, Annatto, Safflower, Fustic, Fustet, Quercitron, Flavin, Turmeric, 
Weld and its substitutes, Persian Berries, Barberry Root,Indigo, Logwood.Cutch, Galls, Sumach, 

tKnoppern. — III., Artificial Pigments: White Lead, Naples Yellow, Red Lead, Smalts, Ultra- 
Marine, Cinnabar, Prussian Blue, Orpiment, Realgar, Chrome Green, Chrome Yellow, Chrome 

.Red, Chrome Orange, Mosaic Gold, Green Mineral Colours, Red Ochres, Rouge, Cadmium 
Yellow. — IV-, Coal Tar Dyes: Reds, Yellows and Oranges, Blues, Violets, Greens, Browns, 

•'Grey and Black — Aniline Dyes Soluble in Fat : Resinate Colours, Aniline Lakes. — V., Staining 
Marble and Artificial Stone: Red, Violet, Blue, Green, Yellow, Orange, Brown, Black, Execu- 
tion of Parti-Coloured Designs. — VI., Dyeing, Bleaching and Imitation of Bone, Horn and 
Ivory — Bone Bleaching — Dyeing Bone : Black, Red, Yellow, Blue, Violet, Green, Grey and 
-Brown — Horn, Bleachmg and Whitening — Dyeing Black, Grey, Brown, Blue, Green, Violet 

.and Red — Imitation of Tortoiseshell for Combs: Yellows, Dyeing Nuts. — Ivory: Dyeing Black, 
Red, Yellow, Blue, Violet, Green, Grey; and Brown — Further Remarks on Ivory Dyeing. — VII., 
^Wood Dyeing : Black, Grey, Brown, Violet, Blue, Red, Yellow, Green — Imitation of Mahogany : 
.Dark Walnut, Oak, Birch-Bark, Elder-Marquetry, Walnut, Walnut-Marquetry, Mahogany 

'Spanish Mahogany, Palisander and Rose Wood, Tortoiseshell, Oak, Ebony, Pear Tree — Black 
Dyeing Processes with Penetrating Colours. — VIII., Varnishes and Polishes : English Furniture 

.Polish, Vienna Furniture Polish, Amber Varnish, Copal Varnish, Composition for Preserving 

! Furniture. — Index. 

Building and Architecture. 

THE PREVENTION OF DAMPNESS IN BUILDINGS; 

with Remarks on the Causes, Nature and Effects of Saline, Efflores- 
cences and Dry-rot, for Architects, Builders, Overseers, Plasterers, 
Painters and House Owners. By Adolf Wilhelm Keim. Translated 
from the German of the second revised Edition by M. J. Salter, F.I.C, 
F.C.S., Member of the German Chemical Society of Berlin. Eight 
Coloured Plates and Thirteen Illustrations. Crown 8vo. 115 pp. 1902. 
Price 5s. ; India and Colonies, 5s. 6d. ; Other Countries, 6s. ; net. 

Contents. 

Part I. — Chapters I., The Various Causes of Dampness and Decay of the Masonry of 
Buildings, and the Structural and Hygienic Evils of the Same. — II., Precautionary Measures 
during Building against Dampness and Efflorescence. — III., Methods of Remedying Dampness 
and Efflorescences in the Walls of Old Buildings. — IV., The Artificial Drying or New Houses 
as well as Old Damp Dwellings, and the Theory of the Hardening of Mortar. — V., New, 
Certain and Permanently Efficient Methods for Drying Old Damp Walls and Dwellings. 

Part II. — Chapters I., The Cause and Origin of Dry-rot : its Injurious Effect on Health, its 
■Destructive Action on Buildings, and its Successful Repression. — II., Methods of Preventing 
Dry-rot to be Adopted During Construction. — III., Old Methods of Preventing Dry-rot. — 
IV-., Reeentand More Efficient Remedies for Dry-rot. — Index 
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SIDEROLOGY: THE SCIENCE OF IRON (The Con- 
stitution of Iron Alloys and Slags). Translated from German of 
Hanns Freiherr v. JiJPTNER. 350 pp. Demy 8vo. Eleven Plates- 
and Ten Illustrations. 1902. Price 10s. 6d. ; India and Colonies, Us. ; 
V Other Countries, 12s. ; net. 

Contents. 

Book I,, The Theory oi Solution. — Chapters I., Solutions. — II., Molten Alloys — Varieties-, 
of Solutions. — III., Osmotic Pressure. — IV., Relation between Osmotic Pressure and other 
Properties of Solutions. — V., Osmotic Pressure and Molecular Weight of the Dissolved Sub- 
stance.— VI., Solutions of Gases.— VII., Solid Solutions.— VI 11., Solubility.— IX., Diffusion.— 
X., Electrical Conductivity — Constitution of Electrolytes and Metals. — XI., Thermal Expansion.. 

Book II., Microgfraphy. — Chapters I., General. — II., Microstructure. — HI,, The Micro- 
graphic Constituents of Iron. — IV., Relation between Micrographical Composition, Carbon- 
Content, and Thermal Treatment of Iron Alloys. — V., The Microstructure of Slags. 

Book III., Chemical Composition of the Alloys of Iron.— Chapters I., Introduction. — 
II., Constituents of Iron Alloys — Carbon. — III., Constituents of the Iron Alloys, Carbon — 
Opinions and Researches on Combined Carbon. — IV., Opmions and Researches on Combined 
Carbon {Continuation). — V., Opinions and Researches on Combined Carbon {Conclusion). — VI.,- 
Applying the Curves of Solution deduced from the Curves of Recalescence to the Determination 
of the Chemical Composition of the Carbon present in Iron Alloys. — VII., The Constituents of 
Iron — Iron. — ^VIII., The Constituents of Iron Alloys — Manganese. — IX., Remaining Constituents 
of Iron Alloys — A Silicon. — X., Gases. 

Book IV., The Chemical Composition of Slag;.— Chapters I., Introductory. — II., Silicate 
Slags. — III., Calculating the Composition of Silicate Slags. — IV., Phosphate Slags. — V., Oxide- 
Slags. — Appendix. — Index. 
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TREATISE ON CLOTH FINISHING. By Robert 

Beaumont, of Yorkshire College, Leeds. 

WEAVING MACHINERY. Three Vols. By Harry Nisbet. 
COLOUR TERMS : THEIR PROPER USE AND 

MEANING. By David Paterson. 
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